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Metonuueckre yKkazaHUS I8 TPAKTUYECKUX 3aHATUH 10 JUCIUIUIMHE
«Teopust BeposiTHOCTE W  MaTeMaTWyecKass CTAaTHCTUKa»  COCTaBJICHBI B
cootBercTBUM ¢ ®I'OC CIIO. Tlpenna3Hadensl sl CTYJEHTOB, OOYYarOIIUXCS TIO
cnermanbHocTH 09.02.07 MHbOpMaIIMOHHBIE CUCTEMBI U IPOTPAMMHUPOBAHUE



IMosicuuTeIbHAA 3aNIUCKA

JInsi MHOTMX CTYJIEHTOB 3HAQYMUTEJBHYIO TPYJIHOCTh NPEACTABISAECT PEIICHUE 3a7ad.
[TosToMy B TaHHBIX METOJMYECKUX YKA3aHUSAX TJIaBHOC BHUMAHHE YJIEJICHO PEIICHUIO TUIIOBBIX
MPUMEPOB U 3aj7a4, MOSICHSIOIIMX TeopeTHuueckud martepuan. OJIHAKO Mpexae 4eM HayaTh
pemiaTte 3TH MPUMEPHl HAI0 MOOUTHCS TOJIHOW SICHOCTH B IMOHUMAHHH COOTBETCTBYIOIIMX
TIOHATHH.

B Hauanme kaxI0W TEeMbI KpAaTKO H3JararOTCsi OCHOBHBIE TEOPETHUYECKHE CBEACHUS
(ompenenenus, GopMyIibl), HEOOXOIUMBIC Ml PEIICHUs MOCIEAYIIMUX 3anad. [IpuBomsTcs
pELIEHHS TUITOBBIX TPUMEPOB U 3aAad. J[aroTcs yrpaKHEHUs Ha 3aKPEIUICHUS TEMBI.

BrImioTHEHHE CTyIeHTaMU TTPAKTUYECKUX PabOT HAITPABJICHHO HA:

- 00001IeHNE, CHCTEMATH3alldi0, YIIyOJIeHWe, 3aKpeIyIeHHe IMOJYYCHHBIX TEOPETHYCCKUX
3HAHUU 110 KOHKPETHBIM TEMaM;
- (QopMupoBaHuUE YMEHHI NPUMEHSATH IOJYUYCHHbIE 3HAHUA Ha TMPAKTUKE M peaTu3alrio
€IMHCTBA UHTEJUIEKTYaJIbHOW U MPAKTUYECKOUN AESTEIbHOCTH;
- Ppa3BUTHE WHTEIUICKTYAJIbHBIX YMEHHMA Yy OYyIyIIMX CIEIUAJUCTOB: aHAJTUTHYCCKUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.;
- BbIpaOOTKY MpH PEHICHUH MOCTaBJICHHBIX 3a7a4 TaKuX MPO(PECCHOHAIBHBIX KaueCTB, Kak
CaMOCTOATENIBHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAS] MHUILIMATUBA.

B pesynbrate nzydeHus yaeOHON AUCIMIUIMHBI « Teopus BEpOSTHOCTEH M MaTeMaTHIeCKast
CTaTUCTUKA» O0YUYAIOUTHIICS TOKEH
YMETh:
- BBIYUCJISITH BEPOSITHOCTD COOBITHI C UCTIOTH30BAHUEM JJIEMEHTOB KOMOWHATOPUKH;

- HCITOJIb30BATh MCTOAbI MaTeMaTHYeCKOH CTaTUCTUKH

B pesynbraTe u3yueHus: yueOHON AUCHUIUIMHBI O0YUaIOLIUICs T0JKEH 3HATh:
- OCHOBBI TEOPUU BEPOSITHOCTEH U MATEMATHYECKOW CTaTUCTUKH;

- OCHOBHBIC IMOHATHA TCOPHUU l"pa(i)OB



IIpakTnyeckas padora Ne 1

Tema: Tema 1.1. DieMeHTH KOMOMHATOPHUKH

Heab: HayunuThcst BEIYUCITSTH BEPOSITHOCTH CITyYalHBIX COOBITUIN

CpencrBa 00y4eHUsI: TETpPaJH ISl BBIMOJHEHUS MPAKTUYECKUX 3aHATUN, MHTEepHET-
pecypchl.

Conep:xaHue v NOPSIIOK BBINOJHEHUS] padoThI:

1. PaccmMoTpuTe TEOpETUUECKUI MaTepHrall IO TEME.

2. 3aKOHCIIEKTUPYHUTE METOJUKY PEIICHUSI TUTTOBBIX 3a/1a4.

3. PaccmoTtpuTe mpuMephl pelieHus TUIIOBBIX 3ajad.

4. PemnTe 3a7a4M.

KoHnTpo/ibHbIE BONIPOCHI:

1. [TonsiTHE BEPOSATHOCTH CITyYaiHOTO COOBITHS.

2. [ToHsTHS IEpECTAHOBKH, pa3MEILICHHS, COUCTaHUS.

BeposATHOCTL  C/JAy4YaWHBIX  COOBITHUM. HenocpeacTtBeHHbIN noacyeT
BEPOATHOCTH.

[Ton BepPOATHOCTBIO CIIy4yallHOTO COOBITHSI TOHUMAETCS YHUCIO, XapaKTepHU3yrolIee
CTETeHb BO3MOKHOCTH TOSIBIICHUSI COOBITUS. [Ipu 3TOM BEpOSTHOCTH HEBO3MOXKHOTO COOBITHS
MPUHUMAETCSI PABHOW HYJIIO, @ BEPOSITHOCTH JIOCTOBEPHOI'O COOBITHSI PABHOW €IMHMIIEC. DTUM
OTPAHUYUBACTCS TUANIA30H U3MEHEHHS BEPOSTHOCTH CIIYYaHOTO COOBITHS:

0< p=<1,

Knaccuueckoe ompeneneHne BEpOSTHOCTH OCHOBAHO Ha MPEJCTABICHUU CIIy4alHOTO
cOOBITHSI Kak pe3ysibTara (MCcXoia) HEKOTOPOTO BOOOpakaeMoro WM (PaKTHYECKOTO OIbITa
(ucTBITaHUs ), TOBTOPSIOIIETOCS JTF000€ YUCIIO pa3. DTa TEOPETUUYECKast MOJIEIb JIEKUT B OCHOBE
HENOCPEJICTBEHHOTO MO/ICUeTa BEPOATHOCTHU CIIYyYalHOTO COOBITHS.

BeposTHOCTBIO  CilyyallHOTO cOOBITHA Aljasesaetcs  otHomenme  umcna

6HaFOHpI/I${TCTBy1-OI_HI/IX OTOMY COOBITHIO HCXO0J0B m ‘K O6H.I€My YHUCIY BCEX paBHOBO3MOXXHBIX

HECOBMCCTHBIX SHGMGHTapHLIX HNCXOOI0B n 5 O6pa3YIOIlII/IX HOHHYIO rpyr[r[y:
P(A) = m
nl (1)

n‘I/I m“laCTO MNPpUXOAUTCA MCII0JIb30BATb

Jlns ompeneneHus KOJIMYECTBA HCXOJOB
dbopmyinbl koMOuHaTopuku. KoMOMHATOpPHKA H3yyaeT KOJTUYECTBO KOMOMHAIIMMA U3 DJIEMEHTOB
oTpeieNICHHON MPUPO/IbI 33IaHHOTO KOHEUHOTO MHOXKECTBA.

IlepecTaHOBKHU - KOMOWHAIIMU W3 OJHUX M TE€X XK€ AJIEMEHTOB, KOTOPBIC Pa3THUYAIOTCS
TOJIKO TIOPSZIKOM HX PACIONIOKEeHUs. YHCIIO0 EpecTaHOBOK OMpeensieTcs no Gpopmyre:

= ()
rae 1 ‘- KOJIMYECTBO 3JIEMEHTOB B KOMOMHAIIUH.
Hampumep: CkoabkuMHu c1Ioco6aMu MOXKHO pacipeeuTh S 00bEeKTOB paboThl MEXKIY 5
OpurasaMmu 3J1eKTPOMOHTaKHUKOB?

n=5/P=>5=1-2-3-4.5=120|

Pa:mememm - KOM6I/IHaHI/II/I nus3 n‘pa3anme 9JICMCHTOB IIO m‘BJ’IeMGHTOB,
m

OTJIMYAIONUXCs JMOO cocTaBoM, JuOO0 TmopsiakoM. Yucino pasMenieHud U3 n‘no
OTIpeIeTIsIeTCS KaK:



m_ n!
" (n-m)!

-(3)
Hanpumep: Mmeercs 10 snexTpoaBuratenei, u3 KOTopeix 3 ogHoro tuma. CKOJIbKUMU
croco6aMu UX MOKHO PACIIONIOKUTh B OJIUH psia?

n=10 . 10!
=—"=10-9-8=720
m=23 ‘Aw 7! ]
CO‘-IeTaHI/Iﬂ - KOM6I/IHaHI/II/I, COCTAaBJICHHBIC U3 n }paSJ'II/IIIHI)IX DJIECMECHTOB IIO m

3JIEMEHTOB, KOTOPBIE pa3IMyaloTCsl XOTA Obl OgHUM 3ieMeHToM. Yucio coderanuii

ompenensieTcs mo Gopmyie:
mn!

m

" m!(n;m)!

1))
Hanpumep: CkonbkuMu crioco0amMu MOKHO COCTaBUTh OpHragy B COCTaBe 3 4ENOBEK,

BbIOMpAsi UX U3 8 AIIEKTPUKOB?
8!
n=8 CJ} = =56
3! 5!

m=23

IIpaBuio cymmsl: Ecnu o0bekT A|B516paH n‘CHOC06aMI/I, a obexr Bl m‘CHOC06aMI/I,
TO BBIOOD OO AL mi60 Bloxer6errs OCYILIECTBIIEH (' -+ 7ICTIOCOOaMH.

IIpaBuiao npoussBeaenusi: Ecan oObexT AlBH6paH m‘Cl‘IOCO6aMI/I, a Tocie KaXJI0ro

TaKoro BeIOOpa 0OBEKT BlMO)KHO BHIOpaThH n‘CHOCO6aMI/I, TO mapa - #IMoxKeT ObITh BbIOpaHa
(- rm) CIIOCO0AMU.

MeToaMKa pelieHUs TUNIOBBIX 3a4a4

Knaccuueckue 3amaun TB ncropuuecku cBsd3aHbl ¢ TeOpHeW a3apTHbIX urp. OpHako,
MIPEACTABJICHHBIE MAaTEeMaTHYECKHUE MOJEIN MOTYT OBITh MCIOJIb30BAaHBI TAKXKE€ MPU PEHICHUN
psAlla TEXHUYECKHUX 3a/1a4.

Metonuka pelieHusl 3ajad Ha HENOCPEACTBEHHBIA IMOACYET BEPOSITHOCTH CIIyYaWHOIO

COOBITHSI CBOJUTCS K CIIEAYIOIIEMY:
n.

>

2. Anamn3 u pacucT KOJIHU4YECTBAa HCXOO0B, 6JIaFOHpI/I$ITCTBy10H_II/IX C.IIy‘-IaI\/'IHOMy

1. Omnpenenenue 001Iero Yrcia BO3MOXHBIX HCX0JI0B

COOBITHIO, T.€. TAKHX, B KOTOPBIX TAHHOE COOBITHE 0053aTEILHO IPOU30UICT;
3. Omnpenenenre UCKOMOW BEPOSITHOCTH COOBITHS TTO BhIpakeHHIO (1).
PaccMoTpuM pelieHre psijja TUIIOBBIX 33724 M0 JAHHOMY pa3ieny:

I Tun 3apau. Ycrosue 3adauu: Ilycts umeeTcst ypHa, B KOTOPOM a ‘- OeJbIX IIApOB U b ‘-
yepHbIX. 13 ypHbI Hayraj BeiOupaercs 1 map. HaiiTu BeposITHOCTB TOTO, 4TO 3TOT LIap Oeblil.

Perenue

n=a-+ _E_ a
p_ =

m=a n a+b,

B nanHOM cilydae Bce MCXOJbl OMbITA, CBSI3aHHOTO CO CIy4yailHBIM BBIOOpOM IIapa W3
YPHBI, SIBJISIFOTCSI PAaBHOBO3MOXHBIMH M HECOBMECTHBIMHM, T.€, OIBIT CBOJUTCS K «CXEME YpH).
[TosTOMYy BEpOSITHOCTH J1OCTaTh CIydailHBIM 00pa3oM Oeliblif map BTOPHIM WM MOCIEIHUM M3

a
p=
YPHBI TaK)K€ paBHA a+bl,
II Tun 3apau Vcaosue 3adauu: B xopobke 30 smektpomamm, mpuyeM 12 w3 HUX
paccunTanbl Ha HanpspbkeHue 220 B, a octanbHble - Ha HanpsbkeHue 36 B. KakoBa BeposTHOCTD



TOTO, YTO W3 4 HayTaJ B3SITHIX OJHOBPEMEHHO 3JICKTPOJIAMII BCE OKAXYTCS WU C HAPSDKCHHEM
220 B, nnu ¢ HanpskeHneM 36 B?

Permenne

BBeneMm 00o3HauEeHNA:

Al- coObITHE, COCTOSIIEE B TOM, UTO U3 4 AJIEKTpoIIaMIl Bce ¢ HanpshkeHuem 220 B;

Bl us 4 3JIEKTPOJIaMII BCE € HarpsihkeHueM 36 B;

Cl- nosmnerne cobermmit 6o Alm6o Bl.

a) OO1ee YuCiI0 UCXOJ0B PAaBHO KOJWYECTBY CIIOCOOOB, KOTOPHIMH MOXHO BHIOpaTh 4
anekTponamiibl u3 30.
n= C340|

_ 4
0) Yucno ncxom0B, O1aronpusTCTBYIOUINX COOBITHIO A|, m = CIZ,
_ 4
Yucno ucxo0B, OJIaronpHATCTBYIOIINX COOBITHIO B|, m, =Cu
m, _C 12141260 11

P(A)= = =
o) n Cy 418300 609|
p(By=" _ Cp _1814126! _ 68

n  Cy 4141300 609

BeposTHOCTE COOBITHS, COCTOSIIETO B MOSBICHUU JTUOO COOBITHS Al, 100 COOBITHS Bl,
OTIPEICTTUM C MCIIOJIb30BAHUEM TPABHIIA CYMMBI

11 68
P(C)=P(A+P(B)y=——+—=0,1
(€)= P(A)+ P(B) =00+ =0 %
Yenosue 3a0auu: CryneHt kynuia kaprouky CHOPTIOTO M OTMETHI B HEl IOCieoBa-
TEJIbHO IIECTh MEPBBIX HOMEPOB. OnpenenuTs BEpPOSTHOCTh TOTO, YTO NpU THpaxe 6 u3 49 B

qucJie BBIMTPABILUX 1IAPOB OKaxkeTcs map o Ne 1.

Pemenue
_ 6
a) O0riee yuciIo UCXOI0B "~ C49|.
B cero mapog ¢ 49 HoMepaMu 6) Hucno HCXOMOB,
/ ONMaronpusTCTBYIONIMX  COOBITHIO,
. _ OTIPENENIAETCS] YUCIOM BO3MOKHBIX
1 map mog Ml 48 Wwapoe ¢ OpyramMH Mo P

KOMOMHaIMii ©U3 6  HOMEpOB,
00s3aTenpHO  BKIOYaBImIMX Ne 1.

m, 6 mapos n, Tnst OIpeieIeHus qycia
\ KOMOUWHAIIUKA yJIOOHO HMCIOJIB30BaTh
1 mrap mog Mel 5 [WapoB nof ZpyruMe Mo CXEMaTU4ECKOE MPECTaBICHUE:

Kakx BumHO, m ‘SaBI/ICI/IT oT
BO3MOXKHBIX KOMOWHAIMI U3 5 1mapoB (C ApyruMu HOMepamu, OTAMUHBIME OT Ne 1) u3 48 Takux
1apoB.

_ _ 5
m—ml-mz—CMJ'

5 143! 6!
m _ C,s 48143!6! =£20’1224
51431491 49

p = =
C) n Cfs



III Tun 3apau Ycnosue 3adauu: Ha nonke Haxomutcs 10 ammiepMeTpoB, U3 KOTOPHIX 6
ucnpaBHbIX. HaliTh BEpOSITHOCTH TOro, YTO cpeau 4, Haynady OTOOpPAaHHBIX aMIIEPMETPOB, 2
UCIIPaBHBIX.

Pemenne

Ot 3amay Il TMNA naHHBIN TUI 33724 OTIMYAET HEOAHOPOJHOCTh COCTaBa KOMOWHAIIUH,
COOTBETCTBYIOIIUX OJIATOMPHUATHBIM HMCXOJlaM CclydyallHOro coObITud. s pemieHust yaoOGHO
IIPEJICTaBUTh YCIOBHE 3a/1a4l CXEMaTHUECKHU:

_ 4
a) O6mee umcio ucxomos " = G,

10 amriepmMeTpoE ~
/ \ GB1710
n ECETO

§ HCIIpaBHBX 4 HeHCIIpaBHBIX

o

m, 4 amMriepMeTpa m,

o

oTo0pamH

2 HCIIpaBHBX 2 HeHMCTIpaBHBIX l 0) m ‘OHpeHGHSIeTCSI Ha

OCHOBE TMpaBuja IPOU3BEACHHUS, IIOCKOIBKY BBIOOp 4 aMIepMETpOB OCYILECTBISETCS
OJIHOBPEMEHHO:
o= -m2|

ml=C62m2=Cj.

_m-m, _Ci-Ci_ 6464 _3_ .
p= ==t = =—=0,
0 n ch 2422100 7

Pemure 3anaun:

3amauya 1. bpomena urpanpHas KocTb. HailTu BEpOSITHOCTH BBINAJEHUS YETHOI'O YMCIIA
OYKOB.

3amaua 2. YYaCTHUKHU XKEePEObEBKH TSIHYT M3 YPHBI KETOHBI ¢ HOMepamu oT 1 mo 100.
HaiiTi BeposiTHOCTH TOTO, YTO HOMEP MEPBOI0 HAy/1ady BHITAIIEHHOTO JKETOHA OyJIET COAEpKaTh
uudpy 5.

3amava 3. B maTu Memoukax HaxoAsATCs 5 OJMHAKOBBIX KyOukoB. Ha Bcex rpansx
KaKI0ro KyOMKa HamrcaHa OJHa U3 CIEIyoIuX OyKB: o, I, p, ¢, T. HaliTh BeposSTHOCTH TOTO,
YTO Ha BBIHYTHIX 110 OJHOMY K3 KaXKIOr0 MEIIoYKa KyOMKax M pacIoyIOKEHHBIX B OAHY JIMHUIO
MOKHO Oy/IeT IPOYECTh CIOBO «CIIOPT».

3anmava 4. Ha kaxx0if U3 MECTH OJMHAKOBBIX KapTOUEK HaMUCaHbl oaHa U3 OykB: A, T, M,
P,C,0. HaiiTu BEpOSITHOCTb TOTO, YTO HA YETHIPEX BBIHYTBHIX IO OJHOM M PaCHOJIOXKEHHBIX B
OJIHY TUHUIO KaPTOUYEK MOXKHO OYyJIeT MPOYECTh CIOBO «TPOCH.

3amaga 5. Ky0, Bce rpaHu KOTOpOrO OKpall€Hbl, PAaCHWIWIM Ha ThICAYY KyOMKOB,
KOTOpbIE 3aTEM TILATEIbHO Nepemeriaiu. HaliTu BeposSATHOCTh TOTO, UTO HayAaudy BbITALIEHHBIN
KyOHK OyZieT UMETh OJTHY OKpAIlleHHYIO TPaHb, TBE U TPH.

3agaua 6. 13 monHoro Habopa 28 kocTtedl NJOMHHO Hayjaady H3BJeueHa KocTh. Haiitu
BEpPOSITHOCTh TOT'O, YTO BTOPYIO Hay/Jaudy HM3BJICUYEHHYIO KOCTb MOXXHO MPUCTABUTH K TMEPBOM,
€CJI TIepBasi KOCTh OKa3ajach: a) Ayosem, 0) He ayOiieM.

3amaua 7. Bocemb pasnmMyHBIX KHUT HayAady pacCTaBIsAIOTCS Ha moike. Haitu
BEpPOSITHOCTH TOTO, YTO JIBE ONPEICICHHbIC KHUTH OKAXYTCS CTOSIIUMU PSIOM.



JlomaliiHee 3aaHue:

Penmnte 3agaun:

1. B nmotepee pasbirpeiBatorcss 150 BemieBbix U 50 JeHEKHBIX BBIMTphIIEH. Yucio
noteperHbix OunetoB papHo 10000 mTyk. Yemy paBHA BEpOSITHOCTD BBIUTPHIIIA?

2. BeposiTHOCTB TOTO, UTO CTPEJIOK MPHU OJHOM BhICTpene BbiObeT 10 oukoB, paBHa 0.1; 8
0ukOB U MeHblue - 0.6. HaiiTu BeposSTHOCTH TOTO, YTO MPHU OJTHOM BBICTPEJIE CTPENIOK BHIOBET HE
MEHBIIIE 9 0YKOB.

3. B maptuu u3 10 aeraneit — 8 mTyk ctaHgapTHeIX. HaliTh BEpOSITHOCT TOTO, YTO CpEeA
JBYX HayJlauy M3BJICYCHHBIX JIeTaneil XoTs Obl 07Ha OyAeT CTaHAapTHOM.

4. B maptun u3 10 neraneit okazanock 8 crangapTHeix. Haynauy otoOpanu ase. Haiitu
BEPOSTHOCTH TOTO, YTO CPEJI OTOOPAHHBIX JETaJe OKaKeTCs:

l. He 0oJiee 0IHOM CTaHJapTHOH,

0) x0T OBl OJIHA CTaHJApTHA,

B) TOJIBKO OJJHA CTaHAApPTHAsI.

5. BeposATHOCTH TOro, 4TO CTpENOK MomajaeT B MuileHb, paBHa 0,9. Ilpomsseneno 3
BbICTpena. HaliT BEpOsSTHOCTB TOTO, YTO BCE 3 BHICTPEJIA MTONAIU B LIEIIb.

6. B cryaun HaxonuTcs TpHU Tenekamepbl. BeposTHOCTh BKIIIOUEHMSI KaXI0H KaMephbl
paBHa 0.6. HaiiTu BeposSTHOCTH TOrO, YTO B JAaHHBIH MOMEHT XOTS Obl OJHAa Kamepa OyZer
BKJIIOUYEHA.

I[IpakTuueckoe 3ansaTue Ne 2

Tema: Briuncienue BeposTHOCTEN COOBITUH MO Kiaccudeckoi (opmyiie onpeaeneHus
BEPOSITHOCTH

Henab: HayuuThCs BBIYHCIATH BEPOSTHOCTH CIyYaWHBIX COOBITUH TIO KIJIACCHYECKOU
(bopMmyiie onpeaeneHus: BEposTHOCTEN

CpencrBa o0y4eHUsi: TETPaad [JIsl BBIIOJHEHUS MPAKTUYECKUX 3aHATUH, VIHTEpHET-
pECypCBHI.

Conep:xanue U NOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccMoTpuTE TEOPETUYECKUI MAaTepHall IO TEME.

KoHnTpo/ibHBIE BONIPOCHI:

1. [ToHsiTe BEPOSTHOCTH CIY4aHOTO COOBITHSA, IE€PECTAHOBKU, pPa3MEIICHHUS,
COUYETaHUS.
2. [IpaBuiia cyMMbI ¥ TPOU3BEACHUS CITyYaitHBIX COOBITUH.

HCHOCp@I[CTBGHHBIﬁ oACUYCT BECPOATHOCTU cnyqaﬁHoro COOBITHS y,Z[O6HO HCII0Jb30BAaTh
TOJIBKO IIPpU aHAJIN3C HpOCTefIHIPIX CJ'Iy‘I&fIHBIX HBHGHHﬁ, KOoTraa 1o YCJIIOBUIO 3aJla4H U3BCCTHBI
BCC KOJIMYUCCTBCHHBIC MMOKA3aTCJIN 110 UCCICAYCMOMY O6’beKTy WK UX JICTKO MOXXHO BBIYMCIINTD.

D10 mo3BoiseT To (GopmyIaM KOMOMHATOPUKH IOJCYUTATH KOJHMYECTBO HCXOJIOB m‘I/I n‘.
OnHako Ha TPAKTHUKE NPUXOAUTCS CTAIKMBATHCS CO CIyYalHBIMH COOBITHUSIMH, KOTOpBIE
(hOopMUPYIOTCS 32 CYST COUYSTAHMS IEJIOTO Psija CIlydaliHbIX (GakTopoB. Hanmpumep, BEpOSATHOCTH
BBIXOJIa W3 CTPOsS JIIOOOTO TEXHHUYECKOTO YCTPOWMCTBA 3aBUCHUT OT  BEPOSTHOCTH
paboTOCITOCOOHOCTH KaXKIIOTO M3 €ro 3JIEMEHTOB, a TakXe OT croco0a mx coemuHeHus. [ms
OMpPCACICHUA BCPOATHOCTU TaKHUX CﬂyqaﬁHBIX COOBITHH HCIIOJIB3YIOTCA KOCBCHHBIC MCTO/bI,
MO3BOJIAIOINIME 110 H3BCCTHBIM BCPOATHOCTAM OJHHUX COOBITUH HaXOoaWuTb BCPOATHOCTH
CBSI3aHHBIX C HUMH COOBITHH.

[Ipexne Bcero HEOOXOIUMO TMPOAHATHM3MPOBATH CIyYaiHOE COOBITUE W OIPEICITUThH
oOpa3syercs JIM OHO KaK CyMMa 3JIEMEHTapHBIX COOBITHI MU KaK WX ITPOU3BE/ICHHUE.



Jns sToro BBeieM JBa 6a30BbIX MOHATHS anreOpbl COOBITU.
CyMMO#i HECKOJIBbKHX CJIYYailHBIX COOBITHI HA3BIBACTCS COOBITHE, KOTOPOE COCTOWT B

MOSIBJICHUU XOTSl OBl OJTHOTO M3 3TUX COOBITUN. Tak At CyMMBI TpeX ClydalHBIX COOBITUIN Al, B|

, ClnpomofmeT 100 Al, 1100 Bl, 0o Cl, 6o coueranus AB ‘, ACL BC‘, ABC‘. Hampuwmep,
aBapuiiHOE TOBPEXKICHUE OJIOKA 3JIEKTPHUYECKOW CUCTEMBbI Te€HepaTop-TpaHCPOPMATOP-IUHUS
3JIeKTponepeaay NpeAcTaBiIsieT co0oi CyMMy 3JIEMEHTapHBIX COOBITHI: JMOO MOBpEXICHUE
reseparopa, 0O TOBpEXIeHHE TpaHcPopmaropa, OO JHMHUU BJEKTporepenad, Jnudo
BCEBO3MOXHbBIE COBMECTHBIE TIOBPEIK/ICHHUSI.

IIpousBegeHueM HECKOJIBKHUX CAYyYaWHBIX COOBITHI Ha3bIBACTCS COOBITHE, COCTOSINEE
B OJHOBPEMEHHOM TMOSIBIEHUH d3TuUX coObiTuil. Hampumep, Oe3oTka3nas pabota Oioka
reHepaTop-TpaHc(HOpMaTOP-TMHHAS DIIEKTpOIepead BO3MOXKHA TOJBKO TIPH OJHOBPEMEHHOMN
0e30TKa3HOI paboTe BCeX TpeX JIEMEHTOB OJIOKA.

Pacuer BEpOATHOCTH CIIO)KHOTO COOBITHSI MPOM3BOIUTCS HA OCHOBE TEOPEM O CyMME U
IIPOU3BEIEHUH CIIy4alHbBIX COOBITH.

[Tpu BEIOOpE pacueTHBIX (HOPMYIT HEOOXOAMMO YUUTHIBATH JIBAa CYIIECTBEHHBIX MOMEHTA!

a) OnpeeneHre BEpOITHOCTH CYMMBI CITyYaifHBIX COOBITHI 3aBHCHUT OT TOTO, COBMECTHBI
WJIA HECOBMECTHBI ATH COOBITHSI.

[Tycte cnmywaitHble COOBITHS Al, Bl. HECOBMECTHBI, TOT/Ia BEPOSTHOCTh CYMMBI JIBYX

coObITHil A+ B|paBHa
P(A+B)=P(A)+P(B)|

Ecmn Al, Bl coBmectHbIe COOBITHS, TOrJ]a BEPOATHOCTh CyMMBI JBYX COObITHH A+ B|

paBHa
P(A+ B)=P(A)+ P(B)— P(AB)

JUIE  TpeX COBMECTHBIX COOBITHI Al, Bl, Clesrapcnense BEPOSITHOCTH  CYMMBI
MIPOU3BOIUTCA 110 (hopmyie

P(A+B+C)=P(A)+P(B)+P(C)—P(AB) — P(AC)—P(BC)+ P(ABC)l

6) Jlnst ompeneneHus BEpOSTHOCTH TNPOU3BEICHMS CIIyYallHBIX COOBITHH HE00XOIUMO
MIPOAHAJIM3UPOBATH 3aBUCUMBI OHU HJTH HE3aBUCUMBI.

[Ipy BBIYMCICHUHM BEPOSITHOCTU TPOU3BEACHHUS COOBITHH HCHONB3YeTCsl TOHATHE
YCJIIOBHOM BEPOSTHOCTH.

[Ton ycn0BHOH BepPOSAITHOCTHIO L (B)|HCKOTOpOFO CIly4alfHOro  COOBITHS B|,
CBSI3aHHOT'O C COOBITHEM AL MIOHUMAETCsl BEPOSATHOCTH MOSBICHUS COOBITUS B|an YCIIOBUH, YTO
COOBITHE A|y>1<e HPOM3OIILIO.

Ecnmu cmygaitabie coObIThs A|, Bl HE3aBHCHUMBbI, TO BEPOSTHOCTb MPOU3BEICHUS ABYX
COOBITHI paBHA IPOU3BEACHUIO BEPOSITHOCTEH 3TUX COOBITUI

P(A-B)=P(A) P(B)|

Ecnu ciyuaiinble COOBITHSI 3aBUCHUMBI, TO BEPOSTHOCTh HMPOM3BEACHUS IBYX COOBITHIA
BBIUHCIISIETCS C YYETOM YCJIIOBHOM BEPOSITHOCTH

P(A-B)=P(A)-P,(B),

P(A-B-C) = P(A)-P,(B) P,,(C)

[Ipn pemenun 3amay 4acTO HAXOAUT NPUMEHEHHUE CIEICTBUE U3 TEOPEMBI O CyMMeE
BEPOSITHOCTEM.



CymMa BepOsATHOCTEH Ui COOBITHH, OOpa3yIOUIMX MOJHYIO TPYIIY <---- <%  paBHa
eMHHULIE

P(A)+P(A)+...+ P(A) =1

B yactHOCTH, U1 IPOTUBOMOIOKHBIX COOBITHIA:

P(A)+ P(A) =1

Jdomamnee 3aganue:

1. BepoaTHOCTh TOro, 4YTO CTpENOK MomajaeT B MuileHb, paBHa 0,9. Ilpousseneno 3
BbICTpeIia. HaliTh BEpOSTHOCTH TOTO, YTO BCE 3 BBICTPEIIA ITONAIH B LIEJIb.

2. BepoaTHOCTb MOpa)K€HUsI L€ MIPH OJHOM BBICTpEJiE NMEPBbIM cTpenkoM paBHa 0.8, a
BTOpBIM - 0.6. HaliTh BEpOATHOCTH TOTO, YTO IEh OyAET MOpa)ke€Ha TOJHKO OJHHM CTPEIIKOM
(IepBbIM WU BTOPBIM).

IIpakTnyeckoe 3ansaTue Ne 3

Tema: PemeHne 3agay Ha BBIYHCIEHUE BEPOSTHOCTEH COOBITHH IO KJIACCHYECKOM
(bopmyIie onpenesaeHns BEpOsITHOCTH

Henb: HayuuThcsi BBIYHMCIATH BEPOSTHOCTH CIy4YailHBIX COOBITHH MO KIACCHUYECKOMN
bopmyIie onpesenaeHns BepOsTHOCTEN

CpeacrBa 0o0y4eHMs: TETpaau Ul BBIIIOJHEHUS NPAKTUYECKUX 3aHATUH, MHTEepHET-
PECYPCBL.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHHs PadoThI:

1. Pemmre 3amaun.

Pemnre 3agaun:

3anaga 1. B norepee paspirpsiBatorces 150 BemeBbix U 50 neHeXHbIX BeIUTphIei. Yucio
notepeiiabix 6mneroB paBHo 10000 mTyk. Yemy paBHa BEpOSATHOCTH BBIUIPHIILIA?

3agaua 2. BeposTHOCTH TOrO, YTO CTPENOK MpPHU OAHOM BhICTpesie BbIObeT 10 OuKOB,
paBHa 0.1; 8 oukoB u MmeHsbuie - 0.6. HaliTu BEpOSITHOCTH TOro, YTO NPU OJHOM BBICTpEIE
CTPEJIOK BHIOBET HE MEHBIIIE 9 OUKOB.

3anava 3. B maptuu u3 10 neraneit — 8 mTyk craHgapTHeIX. HaliTu BeposTHOCTH TOTO,
4TO Cpel JIByX HayJauy W3BJICUEHHBIX JIeTajei X0Ts Obl 01Ha OyIeT CTaHAapTHOM.

3anava 4. B nmaptuu u3 10 neraneii okazanock 8 crannapTHbix. Haynauy orobpanu ase.
Haiitu BeposSTHOCTB TOTO, YTO CPEeN OTOOPAHHBIX JeTalel OKaKETCA:

2. He 0oJiee OJTHOM CTaHAAPTHOM,

0) xoTs OBl OJTHA CTaHJApTHA,

B) TOJIKO OJIHA CTaHIAPTHAS.

3anava 5. B ypHe HaxoasTesa 5 Genbix, 4 yepHbIX M 3 cuHUX mapa. Kaxaoe ucnbitanue
COCTOUT B U3BJIEUCHMM HAyraj OJHOrO Iapa, MPUYEM OH HE BO3BpaIlaeTcs oOpaTHO B YpHY.
HaiiT BeposITHOCTH TOr0, 4TO MPH MEPBOM HUCIBITAHUM MOSBUTCS O€NbId 1Iap, MpU BTOPOM -
YEPHBIH, a IPU TPETHEM — CUHHUM.

3agava 6. BeposTHOCTH TOro, 4TO CTPENOK MOnajeT B MulleHb, paBHa 0,9. [IpousBeneHo
3 BeIcTpena. HaliTu BEpOATHOCTB TOTO, YTO BCe 3 BBICTpEA MONAJIN B LENb.

3anaya 7. bpouieHbl MOHETa M KOCTh. HallTu BEpOSITHOCTH TOrO, YTO OJHOBPEMEHHO HA
MOHeTe nosiBUTCs "open", a Ha kocTH "6".

3amaya 8. B CcTyaum HaxoguTcs TpHU TelleKaMmepbl. BepoATHOCTH BKIIIOUEHUS KaXKIOH
kamepbl paBHa 0.6. HaiiTu BepOosSTHOCTH TOro, 4TO B JAAHHBIM MOMEHT XOTS Obl OJHA Kamepa
OyZeT BKJIIOUEHA.
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3amaua 9. U3 psga mudp 1,2,3,4,5 cHavana BeIOMpAETCS OJIHA, & 3aTEM M3 OCTABIIMXCS
4eThIpex - apyras. HaliTu BeposiTHOCTH TOTO, 4TO OyZeT BhIOpaHa HeueTHas udpa:

a) TOJIbKO B MEPBBIN pas;

0) TOIBKO BO BTOPO#i pa3;

B) B TIEPBBIil ¥ BO BTOPOIi.

3amaua 10. BeposTHOCTh TOTO, 4TO COOBITHE A TOSBHTCS XOTS ObI OJMH pa3 MpH JABYX
HE3aBHCHUMBIX HCTBITaHUIX, paBHa 0.75. HailTu BEpOSATHOCTH MOSBIEHUS COOBITHS A B OJHOM
WCIIBITaHU.

JdomamiHee 3aaHue:

1. Ocywecmensaemcs npogepka uzodenuti Ha CMmaHoapmHocms. Beposmuocms mozo, umo
uzoenue Hecmanoapmmuo, pasua 0,1. Haiimu eepossmuocmes moeo, 4mo:

a) U3 TpeX MPOBEPEHHBIX JIeTaNel TOIBKO OJTHA OKAKETCSl HECTaHJaPTHOI;

0) HECTaHIapPTHBIM OKaXKETCS TOJIBKO YETBEPTOE IO MOPSAIKY IPOBEPEHHOE U3/EIIUE.

IIpakTH4eckoe 3ansaTHe Ne 4

Tema: BerancieHne BEpOSITHOCTEH CIIOKHBIX COOBITHN

Heab: HayunThCst BBIYUCIATH BEPOSTHOCTH CIOKHBIX COOBITHIA.

CpeacrBa o0y4yeHMsi: TETpaau JUIsl BBIIIOJHEHUS NMPAKTUYECKUX 3aHATUN, VHTepHeT-
pecypesl.

Coaep:xkanue ¥ NOPSAI0K BbINOJTHEHUS PadOThI:

1. PaccmoTpuTe TeOpeTHUECKHil MaTepral o TeMe.

2. 3aKOHCIIEKTUPYITE PEIICHNE TUIOBBIX 3aa4.

3. Pemure 3agaun.

KoHTpoabHbIE BONPOCHI:

1. [lonsiTHE YCIIOBHON BEPOSITHOCTH.

2. dopmyJia MOJTHOM BEPOATHOCTH.

3. OT dYero 3aBUCHUT KOJMYECTBO THIIOTE3 TMOSBICHHUS HEKOTOPOrO CIy4yaifHOro
coObITHSA A..

®opmy.Jia NMOJHOM BEPOSITHOCTH

dopmyna MOTHON BEPOATHOCTU MPUMEHSIETCS MPH CIEAYIOIIEH MOCTaHOBKE 3a1a4H.

[TycTb TpPOM3BOAMTCS aHAIM3 HEKOTOPOTO CIy4YyailHOrO COOBITHS Al 1o MOBOJTY
BO3MO>KHOCTH TIOSIBIICHUSI TAHHOTO COOBITHS MOTYT OBITh BBICKAa3aHBl HEKOTOPBIC TUTIOTE3bI 7+,
rio] ..., ¥.|, KOTOpbIC OXBAaTBhIBAIOT BCE BO3MOXKHBIC YCJOBHUS IOSBJICHUS COOBITHS AlI/I
00pa3yroT MOJHYIO TPYMITY COOBITUH.

"3 yCiioBuUsd 3aaa4yu HU3BCCTHBI HJIK MOTYT GI)ITI) OMPCACIICHBI BCPOATHOCTHU BCEX

P(H1)|, P(HZ)‘, ce., TUHL )l, a TaK’K€ YCJIOBHBIC BEPOATHOCTHU IMOABJICHUA

P, (A)| P, (A)| P D

BO3MOXKHBIX T'MIIOTC3

AalI/I KaXOgol u3 Tumore3 OHpe,[[eHI/ITB BCPOATHOCTDH

TIOSIBJICHUS CITYYaitHOTO COOBITHS Al
BeposTHOCTH COOBITHS TIPU TaKOM MOCTAaHOBKE 3a71a4l MOKET OBITh Haii/ieHa 1o GhopmyJie

MOJHOM BEPOSATHOCTH.
P(A) = P(Hl)PH1 (A)+P(H2)PH2 (A)+"'+P(HH)PHH (A

rae 7. ... .| - runotespl, KOTOpPBIE 0OPA3YIOT MOJHYIO TPYIITY COOBITHH;
P(H,)+P(H,)+...+P(H,) =1

Pelenne THNOBBIX 3224
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I ™anm 3apa4v. Vcnosue 3ad0auu: @OYHKIIMOHHPOBAHHE DIICKTPUUECKOW CHCTEMBI
obecneunBaer 100%-Hoe 3neKTpocHaO)KeHNEe MOTpeOuTENel B TpeX peKUMax, pa3Inyaroluxcs
Mo KOHPUTYpallUd M TPOMYCKHON CIIOCOOHOCTH SJEKTPUYECKOM ceTH. B KakIoM u3 3Tux
PEKHUMOB CETh MOKET HaXOIUThCs ¢ BeposaTHOCTHIO 0,3; 0,5; 0,2 cooTBeTcTBEeHHO. bezaBapuiinas
paboTa cucTeMBbl B KaXIIOM pexuMe Bo3MoxkHa ¢ BepostHocTamu 0,9; 0,75; 0,8. Ompenenuthb
BeposaTHOCTh 100% onexkTpocHabxkeHus mnoTpeduteneil. Hailtu BepoATHOCTh HapyLICHHS
ANEKTPOCHAOKECHHUS.

Pemenne

a) Beegem o003HaueHNE COOBITUI M TUTIOTE3.

Hccnenyemoe coObITHE:

Al- oBecrieuenne 100%-toro ANIEKTPOCHAOKECHUS;

Al- HapyIIeHHE IEKTPOCHAOKECHHUSL.

['unoressl

BepostHocTn

TUTIOTE3

VY cn0BHBIE BEPOSATHOCTH

77, - paboTa CEeTH B MIEPBOM PEKUME;

P(H)) = o,j;

P, (A)=09
P, (A)=1-09= o,ﬂ,

#7=]- paboTa CETH BO BTOPOM PEIKUME;
P(H,)=0,5.

P, (A)= 0,75‘

P, (A)=1-0,75= 0,25‘

#4, - paboTa CETH B TPETHEM PEIKUME.

PCHL =03

P, (A)=08

P, (A)=1-08= 0,2‘

6) ITo dbopmyne monHOM BepoSTHOCTH Haigem BeposSTHOCTH 100% siekTpocHaOKeHUS
norpeduTenei

P(A)=P(H,) Py (A)+P(H,) Py, (A+P(H;) Py (A)=

=0,3-0,9+0,5-0,75+0,2-0,8 = 0,805.

OmnpenenyM BepOSTHOCTh HAPYIICHUS 3JIEKTPOCHAOKEHUs A 10 (popmyiie

rrAa)—=1— P(A) — 0,195.

II Tun 3apau. Ycrosue 3aoauu: B rpynmne 10 cTyaeHTOB, MPUIISAIIMX Ha IK3aMEH.
DOK3aMeHalMoHHbIe OnneTsl BKiItoyaroT 20 BompocoB. Tpu cTyJeHTa NOJATOTOBIEHBl OMAUUHO -
3Ha10T Bce 20 BONPOCOB OMIIETOB; 4 CTYJEHTA MOATOTOBIEHBI XOpOuio — 3HAIOT 16 BOIIPOCOB U3
20; 2 cryaeHTa HOATOTOBIIEHBI yoognemeopumenvho — 3HatoT 10 BompocoB u3 20; 1 cryaeHT
IIOJATOTOBJIEH n10X0 — 3HaeT 5 BompocoB u3 20. BbI3BaHHBIN CTyIEHT OTBETWJI Ha BCE TPU
BOIpoca Ouera.

Pewenne

a) BBeneM 0003HAaYCHHS THIIOTE3 M COOBITHIA.
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A|— TIpaBUJIBLHBIN OTBET CTY/ICHTA Ha BCE TPU BOIIpoca OuIeTa,
I'unore3nl

BepostHocTn

TUIIOTE3

Y cn0BHBIE BEPOATHOCTH

¥, - IOATOTOBJIEH OMIUYHO;

PH1 (A) :‘?

#7=|- MOATOTOBIICH XOPOULO;

Py, (M=,

F4, - IOTOTOBIICH Y0081emME8OPUMETILHO;

P(H.,) =03 ;
P, (A) =,

 _J- IOArOTOBJIEH NI0XO0.

Py, (A) =y

0) [l onpeneneHus: yCIOBHBIX BEPOSTHOCTEN MOXKHO UCIONIB30BATh 08a HOOX00A.

Ilooxoo 1. HemocpeICTBEHHBI TIOJACYET BEPOSATHOCTEW Ha oOcHOBE (opmyn
KOMOHMHATOPUKH 10 aHAJIOTHH C 3a7a4amu pasnaena 1.1.3.

BCETO 20 20 20
BOIMPOCOB
15 / \ il lI:I / \ 10 5 / \ 15
J] HeT J] HeT J] HeT
l'ICl‘IjFT-IH
BOHPO': IHAeT IHAeT IHAeT
0B

C IIOMOIIIBFO anBez{eHme CXEM HaAxXoaum yCJ'IOBHI)IG BGpOﬂTHOCTI/IZ
P, Hy A)=1
C2 16!3117!
P, (A)=—2= = 0,491;
2 Cc;, 3113120

C) 1013117

P, (A) = = = 0,105;
iy (A) ci 3720
C. 513171
P, (A=—F=-———=87-10".
cy, 32 200

Ilooxo00 2. IlpumeHeHne TeopeMbl TPOU3BEICHUS BEPOSTHOCTEH 3aBUCUMBIX COOBITHIA.
[TockonbKy CTYAEHT J[OJDKEH OTBETUTh Ha TPU BoIpoca Owusera OJHOBPEMEHHO,
HEOOXOAMMO OMPEACIUTh BEPOSTHOCTh MPOU3BEACHHS TPEX 3aBUCUMBIX COOBITHH:
-l OTBET Ha MEPBBI BOMPOC OHIICTA;
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] - OTBET Ha BTOPOU BOIpOC OHeTa;

-]~ OTBET Ha TPETHIi BOMPOC OHIIeTa.

Ecnu cTyieHT MOAroTOBICH omuiuuHO, TO TPABHJIBHBIA OTBET HA TPU BONpoca Ouiera
€CTh COOBITHE JOCTOBEPHOE, T.C.

P, (A)=1.

I[J'I}I OIPCACIICHUSA YCIOBHBIX BepOHTHOCTeﬁ MMPaBUJIBHOT'O OTBCTA HAa TPHU BOIIPOCA ounera
IIpU TUII0TE3axX Hzl, o H4II/ICHOJIb3yeM BBIPAKCHUC

Py, (A)=P(A; - A, - Ay) = P(A) P, (A,)- P,

YAy

(Ay),
16 15 14 ‘

P(A/H,)=—-=—2.22~0,491.
Ecnu cTyaeHT moAroToBIIeH Xopoutio, TO 20 19 18

P(A/H)=—.=2.2° 0,105.‘
EciM CTyIEHT IIOATOTOBJIEH HOCPEOCHBEHHO, TO 20 19 18

P(A/H)=— —-—=8,7-10"".

ECJH CTYJIeHT TIOATOTOBIIEH AI0X0, TO 20 19 18

Kak BumHO, BTOpO# MOAXOM MPEANOYTHTEIbHEE, TaK KaK MO3BOJSET YMEHBIITUTH 00beM
BBIYMCIICHUM.

c¢) Hanee no ¢popmyie MoJIHON BEPOATHOCTH HAXOJIUM BEPOSITHOCTh MPABUIIBHOTO OTBETA
Ha TPU BoMpoca Ouiera A0 UCTIBITAaHUS:

P(A)=0,3-1+0,4-0,491+0,2-0,105+0,1-8,7-10° = 0,518|

Pemure 3apaun

3amaua 1. B rpynme 20 nsDKHUKOB, 6 BenocurneaucTtoB, 4 OeryHa. BeposiTHOCTB
BBITIOJTHCHMSI KBATU(UKANMOHHOW HOpMBI cienyromas: 0,9 ans  mepkauka, 0,8 mos
Benmocuneaucta, 0,75 nmns Oeryna. Hailtm BeposSTHOCTH TOro, 4YTO Haynadyy BBIOpaHHBIN
CIIOPTCMEH BBITIOJTHUT HOPMATHB.

3amaua 2. B mepBom simuke Haxomutcs 20 nmeraneidt (M3 HuUX 15 - cTaHAApTHBIX), BO
BTOpoM - 30 neraneil (24 craHaapTHBIX), B TpeTbeM - 10 geraneit (6 cranmapthbix). Haiitu
BEPOSTHOCTh TOTO, YTO HayJady H3BJICUYEHHAs JAeTajb U3 HayAady BBHIOPAHHOTO SIIUKa OyJeT
CTaHJIapTHOM.

3anaua 3. Mmeercs deTblpe KMHECKONa. BeposTHOCTH TOro, YTO KMHECKOIBI BBIAEPKAT
rapaHTuiHblid cpok. paBHbl: 0,8; 0,85; 0,9; 0,95. HaliTu BeposITHOCTh TOT0, YTO HayJady B3sIThIN
KHUHECKON BBLACPKUT FrApaHTUHHBIN CPOK.

3amaya 4. M3 momHoro Habopa KOCTEHl NOMHHO HayAady H3BJIeYeHa KOCTh. HaiiTu
BEPOSITHOCTh TOTO, YTO BTOPYIO BBITAIICHHYIO HayJady KOCTh MOXHO OYJeT MPUCTaBUTHh K
IIEPBOM.

3amaua 5. B smumke coiepkutca TpU AeTald. B HEro mosjokeHa elie oJHa, MpuyeM
cranaaptHas. OnpenenuTb BEPOSITHOCTh W3BJICUECHUS U3 SILIUKA CTaHJIAPTHOM JI€Taju, €clid BCe
paccMaTpuBaeMble BapUaHThl PABHOBEPOSITHBI.

JdomamHee 3aaHue:

Pemnre 3anaun:

1. BepositHOCTh cpabateiBanus curnanuzaropa Cl pasua 0,8, a curnanmzaropa C2 — 0,9.
BepositHocts npuobperenust C1 pasna 0,6, a C2 — 0,4. [lomydyeH curHaa o HEMCIPABHOCTH
curHanmuzaTopa. Uro BepositHee: Ha 00bekTe ctout curnanuzatop C1 wmu C2?

2. Jnga y4dacTusi B CTYIAEHUECKUX OTOOPOYHBIX COPEBHOBAHMSX U3 MNEPBOW TIPYIIIbI
BBIJIEJICHO 4 YelloBeKa, U3 BTOPOH - 6, U3 TpeTbel -5. BeposATHOCTH TOTO, UTO CTYJEHTHI NIEPBOH,
BTOPOM M TPETHhEH TPYIIBI MOMAAyT B COOPHYIO KOMaHIy MHCTUTYTA, PAaBHBI COOTBETCTBEHHO:
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0,9; 0,7, 0,8. K xakoifi W3 rpymnm BeposiTHEe Bcero OyAeT MNPUHAICKATh IMPOU3BOIBHO
BbIOpaHHBIN U3 COOPHON KOMaH/bBI CTYACHT?

IIpakTHyeckoe 3ansitue Ne §

Tema: BerancneHre BeposSTHOCTEH coOBITHH B cxeMe bepHysuu.

Heanb: HayunThbcst BEIUMCIATH BEPOSTHOCTH CITydallHBIX COOBITUIH B cxeme bepHyiiu

CpeacrBa o0y4yeHMsi: TETpaau JUIsl BBIIIOJHEHUS MPAKTUYECKUX 3aHATUN, HTepHET-
PECYpPCBL.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHUs PadoThI:

1. PaccmoTtpuTe TeOpeTHYECKHN MaTepUal Mo TEME.

2. 3aKOHCIIEKTUPYHTE pellieHue TUIIOBOH 3a1a4u.

KonTposabHbIE BONPOCHI:

l. B kakux ciyuasx npumenuma dpopmyia bepuymu?
2. Korga yno6nee npumenuts Gpopmyiy Ilyaccona?
®opmyaa bepuyaimn

[Tpumenenue Gopmyibl bepHyIIH BO3MOXKHO MPH CIIEAYIONMIEH MTOCTAaHOBKE 3a/1a4H.

HyCTB MMPpOBOAATCA n‘HCBaBI/ICI/IMBIX HCHBITaHHfI, B KaXIOM H3 KOTOPBIX MOXKECT
MOABUTHCA WJIM HE MMOABUTHCA HEKOTOPOC coObITHE Al I/ISBGCTHO, YTO BEPOATHOCTL IMOABJICHHUA
AlB OAHOM HCIIBITAHUH PaBHA PL a BCPOATHOCTb HCIIOABJICHUA AlCOOTBCTCTBCHHO a=1—p,
HeO6XOI[I/IMO OIpCACIINTL BCPOATHOCTL TOI0, 4YTO COOBITHE AalOHSOﬁI{GT POBHO B k‘
HUCIIBITAHUAX U3 n‘.

®opmyna bepHynnu mo3BosisieT HAUTH BEPOSTHOCTh TOTO, YTO COOBITHE AlnpomofmeT
POBHO B k‘I/ICHBITaHI/ISIX u3 n‘.

P, =Cip*a™| ()

K n!

Trac " kl(n—Kj!l| KOJIMYECTBO COUCTAaHUI M3 n ‘HO k‘

Ecnu xoimMuyecTBO MCIHBITAaHUN n‘Z[OCTaTO‘-IHO BEIMKO (104 W BBIE), & BEPOATHOCTH
IOSIBJICHUSA AlB OJIHOM HCIBITaHUU Mania (1ol u HIXKe), TO MpuMeHeHne Gopmyisl beprymm
CBA3aHO CO CJIOXXHOCTAMH BBIYHCIUTCIBHOTO XapaKTepa. B »stom ciIydac yL[06Hee IIPUMCHHUTD
dbopmyny IlyaccoHa, kotopas maeT BO3MOXHOCTh 00Jie€ MPOCTO TOJYYHUTh AHAJOTUYHBIC

pe3yJIbTaThI:
k
P (k)= 2o
rae A=n-4.

[Tpumensst Boipaskenus (0) u (1), MOKHO HalTH BEPOSATHOCTU OOJIEe CIOKHBIX COOBITU:

a) MOSIBJICHHE COOBITHS Al venee k ‘pa3 g N ‘I/ICHI:IT&HI/I?IX
P.(0)+P (D+....+P (k —1)|, @)

0) nosiBIeHHE COOBITUS Al Gonee k ‘pas g N ‘I/ICHI)ITaHI/IHX
P, (k+1)+ P, (k+2)+......+ P,(n).. 3)

B) TIOSIBJIGHUE COOBITHUS Al e menee K ‘pas g N ‘I/ICHBIT&HI/IHX
P, (K)+ P, (k+1)+....+ P,(n) . &)
b

T') MOSIBJICHUE COOBITHS Al e Gonee K ‘pa3 g N ‘I/ICHBITaHI/ISIX
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P (O)+P (D)+.....+ P, (k)l' )

Pemenue THIOBBLIX 33124

I Tun 3apau. Venosue 3adauu: Cuctema >MeKTpOCHAOKEHHUS 3aBOJIa BKIIIOUYAET BOCEMb
OJIHOTUITHBIX arperaToB, KaXIbli M3 KOTOPBIX HAXOAWTCSI B paboYeM COCTOSHUU C
BepossTHOCTHIO 0,9. OnpenenuTs BEpOSITHOCTh TOTO, YTO:

1. BCE arperarbl HaXOAATCs B pabOYeM COCTOSHUMY;

2. BBIIIUIO U3 CTPOSI MEHEe 3 arperaTos;

3. B pabo4yeM COCTOSIHUU HaxXoJATcs He Ooiiee 6 arperaTos;
4. BBIIIIJIO U3 CTPOsI HE MEHEE 2 arperaTos.

Pewenue

1) Al- BCE€ arperatbl HaXOATCS 8 paboyem COCMOsHUU
n= 8\; k=8
p—oo, 4=1-09= 0,14;

_ 8 8 o __ 8! N 8 _
Py(8) = C{ -0,97:01" = —~--0,9 _0,43{

AHanoruuHslii pe3ynbTaT MOKHO MONY4YUTh, peliast 3Ty 3aady OT 0OpaTHOro, T.¢. Al 1
OIIUH arperar He svliiesl U3 cmpos

n= 8\; k=0

p=1-09=01

. - 0,9
’q 3

_ 0 0 8 __ 8! 8 __
R(0)=Cy-01"-0,9" = = -09" =0,

Crnenyer oOpaTuTh BHUMaHHE Ha TO, YTO BEPOSATHOCTh TOSBICHHS COOBITHS B OJHOM
uenirannn Pl dopmyse bepHymHM 3aBUCHT OT TOro, Kakoe coObITHE aHanu3upyetcs. Tak, B
NIEPBOM BapUaHTE pEIIeHHs # — ©-9- 3TO BEPOSTHOCTH pabouero COCTOSHUS, a BO BTOPOM
p = 0.1- 3TO BEPOSITHOCTb BBIX0J1A U3 CTPOSI.

2) AL b us cmpos meHee 3 aepecamos, T.€. 0, 1, 2 arperara.

J1yist BBIYHCIIEHUS] BEPOSTHOCTH UCTIONB3yeM Gopmymy (2)

n:8‘; =012

P=01; q=09;

P,(0)+P,(1)+P(2)=C"-0,1°-0,9° +C!-01'-0,97 + C?-0,1”-0,9° =

=0,9° + 8 0,1-0,9” + 8 0,1°-0,9° = 0,96.

u7t 216!

3) Al pabouem cocmoanuu HaXoAsITCs He bonee 6 azpecamos (0T 0 110 6).

n:8‘; k=0,1,2,3,4,5,6]

r =09 g=0.1]

J1J1s1 BBIYMCIICHHS BEPOSTHOCTH MOXKHO IMTPUMEHUTD ISl BhIUUCIeHus hopmyiy (5)

P (0)+ R, (1) + P,(2) + B(3) + R (4) + B,(5) + R, (6)|

B stoM ciyuae TpeOyeTcs MpPOM3BECTH JOCTATOYHO CIOXKHBIE BBIYMCICHUS. OnHAKO
MO>KHO UCIIOJIb30BaTh 0oJiee MPOCTON MpUEM JUIs PELIeHUs 3a]]auu, €CIIH yUeCTb, YTO

P.(O)+P,()+P,(2)+....+ P, (n)= 1\’

TIOCKOJIBKY IMEET MECTO TOJTHASI TPYTINa COOBITHIA.

Torma HCKOMYIO BEpOSTHOCTh MOXKHO ONPEICITUTh CIEIYIOIUM 00pa3oM:
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1-[B(7)+B®)]=1-|C] 09701 +C} 09" -01°| =1-[8:097-0.1+09"| = 0,187,
4) AL o us cmposi He MeHee 3 azpe2amos.

n= 8" k=348

BeposTHOCTH COOBITHS Alvorxer Gurts BhumCTEHA TTO dbopmyne (4)

P,(3) + By(4)+ By(5) + B, (6) + B, (7) + P,(8)

Hcrnonbs3yemM pacCMOTPEHHBIN BBILIE IPUEM, BBIUUCIUM BEPOSTHOCTh BbIXoAa U3 ctpos 0,
1, 2 arperaToB u3 8, a 3aTeM OINPEACIIUM HCKOMYIO BEPOSITHOCTD CIIEAYIOIINM 00pa3oM:
1-[R,(0)+ B,(D) + B,(2)] =1—-[C - 01°-0,9° +C -0,1' - 0,97 + C? - 0,1* - 0,9°] =

= 1—{i -0,9° +i0,1- 0,9 + i0,12 -0,96] =0,038.
0! 8! u7 216!

II Tunm 3apad._VYcnosue 3a0auu: B 1iexe METaTyprHyecKoOro 3aBOJia HCIIOIb3YETCS
rpynna u3 100 OgHOTHUIHBIX AIEKTpoABUTaTeNieid. BeposTHOCTh BBIXOJa M3 CTPOS KaxKJI0To
anektponaBuratens pasHa 0,02. OmnpenenuTh BEpOSTHOCTH TOTO, YTO B pabOYeM COCTOSTHHUH
HaXOJUTCS HE MeHee 98 3JIeKTpoIBUTaTENeH 1exa.

Pemenue

Jns ompeneneHUsT BEPOSATHOCTH HAXOXKICHUS B pabovyeM COCTOSHMHM HE MeHee 98
AJIEKTPOJBUTATEIEH MOKHO UCIIOJIb30BaTh BhIpaxkeHue (4)

Pioo(98) + Py (99) + Py (100)
e =100/ k =98,99,100

ra

P = o,gq; q —0.02],

5

B stoMm ciydae TpeOyeTcs MpOBECTH CIOXHbBIE BBIYMCICHUS. 3HAUUTENIBHO YHPOCTUTh
pElIeHne MOXHO, €CIM TNEPEUTH K OINpEeAENICHUI0 BEPOSTHOCTU BbIxoga u3 crpos 0, 1, 2
3JIEKTPOJABUraTese, YTO IMOJIHOCTHIO COOTBETCTBYET HAXOXJIEHUIO B pabouyeM COCTOSIHUU He
MeHee 98 anekTpoaBUTaTenei

Poo(2) + Py (D + Py (0)

rae n:IOOL k=01 2;

P=002; g= o0.98]

IMockonmeky 11 ‘I[OCTaTO‘IHO 6ombmoe, a P - Maslo, ynoOHee MCI0Jb30BaTh (hopmyiry
[Tyaccona (1)
A=n-p=100-0,02=2;
2 1 0

T L e’(2+2+1)=0,677.

2! 1 o
JdomamHee 3aganue:

1. Haiitu BepositHOCTH TOTO, 4TO MpH 400 MCHBITAaHUSX COOBITHE HACTYNHUT poBHO 104

pasa, eciu BEPOSITHOCTh €Tro TMOSIBIICHUS B KaXJI0M OnbITe paBHa 0,2.

IIpakTH4eckoe 3ansaTHE Ne 6
Tema: Perienue TUNOBBIX 3a/a4 Ha BBIYHUCIEHHUE BEPOSATHOCTEH COOBITHII B cxeme
bepnymn.
Hean: HayunThCst BHIYUCIATE BEPOSTHOCTH CIIydaltHBIX COOBITUH B cxeMme bepHyiu
CpeacrBa o0y4yeHMsl: TETpaau JUIsl BBIIIOJHEHUS NMPAKTUYECKUX 3aHATUH, HTepHeT-

pecypcehl.
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Conep:xaHnue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. Pemmure 3amaun.

Peminre 3agaun

3agayva 1. B uexe umeercs 6 MoTopoB. BeposITHOCTh TOr0, YTO MOTOP B TAHHBI MOMEHT
BKIItOUeH, paBHa (,8. HaiiTu BeposSTHOCTb, YTO B IaHHBII MOMEHT:

a) BKIIIOYEHO 4 MOTODA;

0) BKJIFOUEHBI BCE MOTOPBI;

B) BBIKJTFOUCHBI BCE MOTOPHI.

3amava 2. HaliTh BEpOSATHOCTH TOTO, YTO COOBITHE A TOSBUTCS B MATH UCIBITAHUAX HE
MeEHee JIByX pa3, €ClIi BEPOATHOCTD MOSBJICHUS €T0 B KayKJJOM UCIIBITaHUHU paBHa 0,3.

3anmava.3. Monety OpocaroT 6 pa3. HaliTu BEpOsSTHOCTH TOTO, YTO TepO BHIMIAICT:

a) MEeHee JBYX pas3;

0) HE MEHee JIBYX pas.

3amaua 4. BeposTHOCTH mOMaJaHusi B 1eJdb NpU OJHOM BbIcTpene paBHa 0,9.

BeposTHOCTE mOpakeHus LENH Mpu k ‘Honanaﬁymx paBHa *—at. HaifTu BepOSTHOCTBH TOTO, YTO
1eab OyJIeT YHHUTOKEeHA, €CIIM CACIaHo 2 BRICTpEa.

3anaya 5. BeposTHOCTh Mopa)k€HHsI MUILEHU MPpU OJHOM BbIcTpene paBHa 0,75. Haiitu
BEpPOSITHOCTH TOTO, YTO MuIIeHb 1pu 100 BeICTpenax OyAeT mopaxeHa:

a) ve meHee 70 u He 6onee 80 pas;

0) He 6oistee 70 pas.

Jdomamnee 3aganue:

1. Cob6biTHe B mosBUTCA B TOM ciydyae, eciii cOObITHE A MOSBUTCS HE MEHEE JBYX pas.
Haiitu BeposITHOCTB TOTO, YTO HACTYHHUT coOBbITHE B, ecnu Oynet mpousBeseHO 6 He3aBUCUMBIX
OTIBITOB, B KaXKJOM U3 KOTOPBIX BEPOSATHOCTD MOsIBICHUS cOObITHS A paBHa 0,4.

IIpakTH4eckoe 3ansaTHE No 7

Tema: Pemenne 3a1au Ha 3anuck pacnpenenenus JICB.

Hesab: HayunThCst BHIYUCIATH BEPOSTHOCTU CIIyYalHBIX COOBITUI

CpeacrBa o0y4yeHMsi: TETpaau JUIsl BBIIIOJHEHUS NMPAKTUYECKUX 3aHATUN, HTepHeT-
pecypehl.

Coaep:xkanue ¥ NOPSAI0K BbINOJTHEHUS padOThI:

1. PaccmoTpuTe TeopeTuuecKuii MaTepuai o TeMe.

2. 3aKOHCIIEKTUPYITE pEelIeHNEe TUTIOBOM 3a1a4Hu.

3. Pemnre 3amaumn.

KonTposbHbIE BONPOCHI:

1. [lonsiTME JUCKPETHOM CIy4YallHOM BEJMYWHBI, HENPEPBIBHOM  CIy4YaliHON
BEJIMYMHBI, psijia pacupeaeneHus, GyHKINN pacipeaeIeHHUs.

2. 3aKOHBI paclpeeeHUs CIIy4YaiHbIX BEJIUYMH.

3. Ot yero 3aBUCUT (pOpMa IpPEACTABICHUS 3aKOHA PACIIPEICIICHHS.

3aKoOHBI pacnpe/eleHUus JUCKPEeTHbIX C/Iy4aUHbIX BeJIUYUH

CayuaiiHOH Ha3bIBAIOT BEJIMUMHY, KOTOpas B PE3YJIbTaTe OMbITA CO CIIy4alHBIM UCXO/I0M
IIPUHUMAET OJHO U TOJIBKO OJHO BO3MOXKHO€ 3HAUYCHHE, 3apaHEe HEU3BECTHOE U 3aBUCAILEE OT
Clly4aiiHbIX ITpuuuH. Bee ciyualinbpie Benmuunnbl (CB) nensites Ha JUCKPETHbIE U HENPEPBIBHbIE.

JuckpeTrHoii Ha3blBalOT cay4daiiHyww BeauunHy (/ICB), xotopas mnpuHHMaer
OTJIEJIbHBIEC, N30JIMPOBAHHBIE 3HAYEHUS C ONPEEICHHBIMY BEPOATHOCTIMHU. B KauecTBe mpumepa
MO>HO IIPUBECTU BEIUYMHY X, PAaBHYIO KOJMYECTBY arperaroB 3HEPrOCUCTEMBI, BBILICAIINX U3
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CTpos, WM Y, PAaBHYIO BO3MOXHOMY KOJHMYECTBY TpaHC(HOPMATOPOB pa3iIMYHONH MOILHOCTH,
KOTOpBIE MOTYT OBbITh YCTAHOBJICHBI B CUCTEME 3JIEKTPOCHAOXKEHUS palioHa.

HenpepsbiBHOIT Ha3biBaoT ciayydaiinyro Beanyuny (HCB), kortopas MoxeT npuHHUMATh
BCE€ BO3MOXHbBIC 3HAUYEHUS U3 HEKOTOPOr0 KOHEYHOIO WM OECKOHEYHOIOo MPOMEXKYTKA.
Hanpumep, 3HaueHHs HaIpsDKEHUH, TOKOB, TOTOKOB MOIIHOCTH IO JIMHUAM 3JIEKTpOIIEpenad,
KOTOpbIE M3MEHSAIOTCS CilydallHbIM OOpa3oM 3a CYeT CIIy4allHOro H3MEHEHHs Harpys3ku B
YHEPrOCUCTEME.

bunoMuanbHOE pacnpenesieHne

Takoii 3aKkoH pacmpenenenms xapakteper mis JICB X :k‘, rae k‘- KOJIM4ECTBO
MOSIBJIEHUI COOBITHS AlB n‘H@SaBI/ICI/IMBIX HUCIIbITAHUAX. I/I3B€CTHO, 4TO BCPOATHOCTD IMOABJICHHUA

AlB OJTHOM HCIIBITAHUW OJMHAKOBAa M paBHA p | Orcrona BuaHO, yro X ‘MO}KGT MIPUHUMATH

saderns ot 0 go 1 , @ BEPOATHOCTh KaXKJIOTO ~ BEIYUCIIAETCS 110 hopmyrie bepHyiu.
X =k
0
1
2

|

N e
2,0}
=, (1)

2,023

2, )

P,(k)=C,p“q"™"
B mpaktudeckux pacderax OMHOMHAILHOE pacmpeselieHne yacto coorBerctByeT J[CB
Y= k‘, rIe k|— KOJIMYECTBO BBIMIEAIINX U3 CTPOS (MM HAXOASIIMXCA B pabOueM COCTOSIHHH)
arperaToB YHEPrOCUCTEMBI, II€Xa, OTACIBbHBIX OJIOKOB TEXHHYECKOTro ycTpoiicTBa. Korma n‘
JIOCTATOYHO BEJIMKO, a p |Mano, s onucanus JJCB ucnonsiyercs 3akoH Ilyaccona. Ilpu stom
BEPOSATHOCTH MOSIBIICHHSI | BRIUUCIISAIOTCS 110 popmyste [TyaccoHa.
X =k
0
1
2

nSc

LCED|

q

co}
)

2}

N

7

LK

(€2

P, (k) = %e”{
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I'eomerpuueckoe pacnpeneaenne cootserctByer JCB X ‘, paBHOM k‘- YUCILy
UCTIBITAHWH, KOTOpble HEOOXOIMMO MPOM3BECTH IO TOSBICHUS COOBITUS Al, T.. B k_ll
nererranmii Alre mosBsOCH. BeposTHOCTB NOSIBIICHUS Al KaXIOM HCIBITAHMH paBHA P |, HE

IIOSABJICHUS - q‘

P
p-q

pa?|

pa~
P(X = k) = pq*]
I'unepreomeTpuyeckoe pacnpeaejaeHue
[IpumMeHnsieTcst mpu yCIIOBUM 33J]a4M, CBOSIIEMCS K CICAYIONIEeH TOCTAHOBKE: B ypHE a ‘-

6enbix, D ‘- YEpHBIX [IAPOB, U3 HEE BBIHYJIN n‘mapOB. Haiitn BeposTHOCTB TOTO, YTO m ‘HIaPOB

- 6enbix. Takum o6pazom, X L JICB, pasmas anciy 1 ‘6enmx 1apoB U3 n‘.
X
0
1

I/I3n

2]

me~n-m
Ca C'b

n

at+b

PemeHue TUIIOBOM 3aJa4yH

P =P(X=m)=

TexHHuecKoe YCTPOHCTBO COCTOMT W3 TpeX (YHKIMOHAJIBHBIX OJIOKOB, KaXKIbIH W3
KOTOPBIX BBIXOJUT M3 CTPos ¢ BeposTHocThIo 0,3. Juckpernas CB X - 3T KOJHYECTBO 0JI0KOB,

BeimeaAmux u3 crpos. Iloctpouts mis JICB X ‘ PSAI pacTpeneieH s, ONPEeAeTUTh (YHKIIUIO
pacnpezieneHus, IoCTpOuTh rpaduk QYHKIUU pacipe/ieIeHHs.
Pemenne

a) duckpernas CB X ‘MO)KeT npuHuUMaTh 3Hauenus 0, 1, 2, 3.
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[TockonbKy TIOCTAaHOBKA 3a/Jla4ll  COOTBETCTBYET OHHOMHAJIbHOMY 3aKOHY, JUIS
BBIYHMCIICHUS BEPOSITHOCTEHN McTob3yem dopmyny beprymm (1.21):

P,(0)=C?-0,3°-0,7* = 0,343;

P,(1)=C;-0,3'-0,7* =0,441;

P,(2)=C;-0,3°-0,7' =0,189;

P,(3)=C2-0,3°-0,7° =0,027.

YR =1

[ mpoBepKH MPaBUIIBHOCTY BBIYMCIICHUN HAWIEM, 4TO =1
P(0O)+P D+ P(2)+P,(3)=0,343+ 0,441+ 0,189+ 0,027 = 1.‘

Psn pacnpenenenus JICB X ‘I/IMeeT BU]I
X

0,343
0,441
0,189
0,027

6) Ucnonszys (1.20), 3anumiem GyHKIHUIO paclpefesieHus + <X laHaTUTHYECKH, a 3aTeM
oCTpoUM ee rpaduk
0 npu x<0
0,343 npu 0O<x<1
F(x)=40,784 npu 1<x<2
0,973 npu 2<x<3
1 npu x>3

I'padux Gpynkunu pacnpeaenenus JJCB X :

F
1 _____

0973 — — ";'_

0,784(— —I—I

|

0,343 —I

|

1

|
o
L
L
| .
2 3

X

Jdomamnee 3aganue:
1.CocTaBuTh 3aKOH pacHpeiefieHus CIIy4ailHOM BeIWYMHBI X, BO3MOXKHBIC 3HAYCHUS

KOTOpoil paBHbL: X:=2X:=5X.=8| }l3pecTHEl BepOATHOCTH IEPBBIX IBYX BO3MOKHBIX

sHageHmi: B =0.4. P, =0.15

IIpakTH4eckoe 3ansaTHe Ne 8
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Tema: ['paduk. CBoiicTBa ynCIOBBIX XapakTepuctuk J[CB

Heab: HayunThcst BEIUKCIISATH BEPOSITHOCTH CITyYalHBIX COOBITUM

CpeacrBa 00y4yeHUs1: TETpaaM ISl BBINOJHEHUS NPAKTUYECKUX 3aHATHNA, HTEepHET-
pecypcehl.

Coaepsxkanue ¥ NOPsAI0K BbINOJTHEHHS PadOThI:

1. PaccMoTpuTEe TEOPETUYECKUI MaTepHall MO TEME.

2. 3aKOHCIIEKTUPYWTE PELICHUE TUIIOBOH 3a1a4u.

3. Pemwmre 3amaun.

KoHnTpoJibHBIE BONIPOCHI:

1. TloHsiITHE TUCKPETHOM CIy4allHON BEJIMYMHBI, HEIPEPHIBHOM CIIy4yallHON BETUYHUHBI, psaa

pacripenienenusi, pyHKIUH pacrpeieeHusl.

2. 3aKOHBI pacIpeIeeHUs CIyYalHbIX BEJINYHH.

3. Ot uero 3aBucuT (hopMa PECTABICHUS 3aKOHA paclpeeTICHUS.

3aKoHBI pacnpe/jeeHUs JUCKPEeTHbIX C/Iy4YaUHbIX BeJIUYUH

Hawnbonee momHON XapaKTepUCTUKOW JIFOOOW CIIydyalHOW BEJMYWHBI SIBISIETCS 3aKOH
pacnpeznenenus. @opma MpeACTaBICHUS 3aKOHA PACIPEAESCHUs] 3aBUCUT OT BMJA CIy4alHOM
BesmunHbl. [ JICB mox 3akoHOM pachpeielieHUs MOHHMMAETCSl COOTBETCTBHUE MEKIY €€
BO3MOXKHBIMH 3HAUEHUSIMU U UX BeposTHOCTAMU. [Ipu atom 3akoH pacnpenenenus JACB moxer
OBITh 3aJ1aH CIEAYIOIIMM 00pa3oM:

mabauyHo — B BUJIE PAA pacnpe/iesieHust

X

X1

le

X3|

x|

n

Lp=

i=1
P|
2l
]
=S

2

ananumuyecku — B BUIE ABHOM Qpynkmun X = x> = Y(Xr)L

HaIpuMep, 3TO MOXKET OBbITh popmyiia beprym

B,(k)=Ckp“q"™

C TOMOWBI (PYHKIMH pacnpeeeHus £ >3, KOTOpas SBISETCS yHUBEPCATBHOM

XapaKTepUCTUKON 3aKOHA paclpeneseHus U He 3aBUCUT oT Buja CB
F(x)=P(X < x);

(=) =0;

F(+oo)=1.
F s JMCKPETHBIX CB byHKIUS
pactipeneneHus £ <~J  —  93T0  HeyOBIBaroImasd,
[ S — paspbiBHas ~ cTymeHYaTas  (QyHKIHs,  KoTopas

P! rpaduyecku s psiia U3 TpeX 3HAYCHUH UMeeT BUJT
|

F_

pjr 22
X, 0| X5X5 X




3
Z p =1
P}

epaghuuecku — B BUI€ MHOTOYI0JIbHMKA pacnpe/iejeHus, KOTOPbI CTPOUTCS [0 TOYKaM
(~- »l) B nexapToBoll cucTeMe KOOpAWHAT W Ui psjaa u3 Tpex 3HadeHuit JJCB moxer umersb
BU/T

P

P+

P
P

xl xz XBX IIPAKTHYCCKUX pPaCYCTax MOXKHO BBIICIUTH CJICAYIOIIUC

B kagectBe Hambonee YacTO HCHOIB3YEMbIX B

BU/JIbI 3aKOHOB pactpenenenus s JCB.

Pemnre 3agaum:

1. BeposTHOCTh poOXIeHHS B ceMbe Manpuumka paBHa 0,515. CocraBuTh 3aKoH
pacnpeneneHusi CiIyd4alHOW BEIWYMHBI X — 4YuClia MaJbYUMKOB B CEMbSX, UMEIOIINX YEThIPEX
neteit. [loctpouts rpaduk pacnpeaeneHus

BepoATHOcTel. HaliTh marematudeckoe  OXUIaHWE, JUCIEPCUI0 H  CpelHEee
KBaJpaTUYECKOE OTKJIOHEHHUE.

2. BepoATHOCTB TOr0, YTO MOKYNAaTellb COBEPIIUT MOKYNKY B marasuHe, 0,4. CoctaBuTh
3aKOH pacHpeeNieHus Cly4ailHOM BEITMYMHBI X— 4Yucia MOKynaTelnei, COBEPIIUBIINX MOKYIIKY,
ecnM MarazuH nocetwno 3 mokynatens. HaliTu marematnueckoe OKHMIAHWE, IUCIEPCUI0 U
CpelHee KBapaTUUECKOe OTKIOHEHUE CIIy4ailHOM BEIMYMHBI X.

3. B rpymne u3 10 cmoprcmenoB 6 MactepoB crnopra. OtOmparoT (mo cxeme 0e3
BO3BpalieHus) 3-x crnoprcMeHoB. COCTaBUTH 3aKOH pacIpeleNieHus] clydailHOW BETUYMHBI X-
qrclia MacTepoB CIOpTa U3 OTOOpaHHBIX cIOpTCMeHOB. HailTm maremaTuueckoe OXHIaHUE
CIIy4allHOM BEJIUMYHHBI X.

JlomamiHee 3a1aHune:

1. UrpanbHas kocTh OpolneHa Tpu pas3a. HamucaTh 3aKkoH pacmpefeNieHus: ducia
MOSIBJICHUH «IIECTEPKI.

IIpakTnueckoe 3ansitue Ne 9
Tema: ®opmyna bepHysun. 3aK0H pactpeaeneHus CIy4YalHON BEJIMYHUHBI.
Leab paGoThbl: HAYYUTHCA NPUMEHATH (GopMyny bepHymm s cocTaBiaeHUs 3aKOHA
pacrpeiesieHus CITy4aiiHOW BETMYUHBI, N300pakaTh 3aKOH TpaduuecKu, HaXOIUTh BEPOSITHOCTH
KOHKPETHBIX 3HAYCHUH CIy4YaliHOW BEJIUYUHBI.
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Oo6opynoBanue: IBM PC, Mathcad
Teopernyeckue 000CHOBAHUA:
1. ®opmy.a bepuyiin

[lycTh NpoM3BOAUTCS KOHEYHOE YHCIIO OJMHAKOBBIX MCIBITAHUM, B pPe3ysbTaTe Ka)10Ir0o
U3 KOTOPBIX MOXKET MPOM30UTH WIIM HE MPOU3ONTH HEKoTopoe coOwiTue A. byaem cuurtath, 4yToO
BEPOSITHOCTH COOBITHS A B KaXKJOM HCIIBITAHUU OJlHA U Ta k¢ P(A) = p U HE 3aBHCHT OT TOTO,
MPOU30MAET WIM HEeT coObITHE A B JPYrMX MCIBITAHUAX. Takue HUCHBITAaHUS Ha3bIBAIOTCA
nezagucumvimu. Haiinem BepoSITHOCTh TOTO, UTO CPEJI N HE3aBUCHUMBIX UCIBITAHUN cOOBITHE A
Mpou30ieT poBHO m pa3. Mckomyro BepoATHOCTH 00o3HauuM P,(m) u 11 ee HaXOXKIEHUS
ucnoiubszyem gopmyny bepuynnu:

Py(m) =n!/(m! - (n—-m)!) - p™- (1 —-p)" ™
IIpumep 1

BepositTHOCTh momamanuss B 1eJb MPU OJHOM BbIcTpene cocrtabisier p=0,8. Haiitu
BEpPOSITHOCTh YETHIPEX MOMaJaHUN MPHU IECTH BhICTPEIaX.

Pemenue

3necs n =6, m =4, p =0,8. [To popmyne bepaynnu Haxoaum
Ps(4)=6!/(4! - (6-4)!)-0,8" - (1-0,8)° *=0,246.

2. 3aKkoH pacnpeaesieHUs CJAY4ailHON BeJUYUHbI

Cnyuaiinoii éenuuunoil Ha3bIBACTCS IEPEMEHHAs BEJIMYMHA, KOTOpasi MOXKET MPUHUMATD
T€ WM WHBIE 3HAYEHHS B 3aBUCHUMOCTH OT ciydas. CiydaiiHble BeIMYMHBI 0003HAYAIOTCA
MPONMUCHBIMA OyKBamMHu JIaTUHCKOTO andapwura: X, Y, Z W T. 1., a WX 3HAUCHUST —
COOTBETCTBYIOIIMMHU CTPOYHBIMH OykBamu: X, Y, z u T. II.
CrnydaifHple BEJMYMHBI JENSATCS HA JTUCKpeTHble (WM TIPEphIBHBIE) W HEMPEpPHIBHBIC.
CrnydaiiHasi BeIMUMHA HA3bIBACTCA OUCKPEMHOU, €CIIM MHOXECTBO €€ 3HAYEHUH KOHEYHO WU
CYETHO, T. €. MHOXECTBO €€ 3HAYCHUH MpEeCTaBIseT CO00 KOHEUHYIO MOCIE0BaTEIbHOCTD X1,
X2y .ns Xn HIIH OECKOHEUYHYIO IMOCIIEJOBATEIIbHOCTD X1, X2y .ty ). ST
OyHKIMSA, CBSI3bIBAIONIAS 3HAYEHHS CIYyYallHOM BEJIWYMHBI C COOTBETCTBYIOIIMMH UM
BEpPOSITHOCTSIMU, HAa3bIBACTCS 3AKOHOM pacnpedenenus AUCKPETHOU ciaydyaliHON BenuuuHbl. Ero
yI00HO 3a71aBaTh B BUE CIEIYIOMICH TaOIUIIbI:

3HaueHNu X; X1 X X3 Xn

BepositHOoCTH pi p1 p2 p3 Pn

Tab6aunna 1. 3akoH pacnpezeneHus Ciy4aiiHON BEJIUYUHbI
Cobpirmst X = x; (1 = 1, 2, 3, ..., n) SBISIOTCA HECOBMECTHBIMH M EIUHCTBEHHO
BO3MOXKHBIMH, T. €. OHH OOpa3ylT TOJHYI CHCTeMy coObiTHil. [loaTomMy cymma wux

BCpOHTHOCTeﬁ paBHa CAUHULIC:

pitp2tpst...+tp.=1.
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IIpumep 2

Pa3wirpeiBaroTcst IBE BEIIM CTOMMOCTBIO MO 5 THIC. py0. M OJHA Bellb CTOUMOCTHIO 30

ThIC. py0. COCTaBUTH 3aKOH paclpeaeNieHUs] BBIUTPHIIIA IS YeI0BeKa, KYMUBIIET0 OJANH OHUIIET
n3 50.

Pemenue
Hckomas ciydaiiHasi BelMWYMHA X MPEACTABISIET COOOM BBIMTPHIIN U MOXET NMPHUHAMATh

Tpu 3HaueHus: 0, 5 u 30 TeIC. pyO. IlepBoMy pesynbTaTy OJaronpusitcTByeT 47 cCllydaes,
BTOPOMY PE3YyJIbTATY — JIBA CIy4dast U TPETbEMY — OAMH cily4ail. HaiiieM UX BEpOsITHOCTHU:

P(x1) =47/50 = 0,94;

P(x2) = 2/50 = 0,04;

P(x3) = 1/50 = 0,02.

3aKOH pacnpeieNICHHs CIIy4YallHOW BEJTUYUHBI UMEET BUJ]

3HaYCHUS X; 0 5 30
BepositHOCTH D 0,94 0,04 0,02

B xagecTBe mpoBEpKHU HaAEM
P(x)) + P(x2) + P(x3) = 0,94 + 0,04 + 0,02 = 1.
IIpakTnyeckoe 3ansaTue Ne 10
Tema: bunomuHanbpHOE pacnpeneeHne

Heap padorbl: HayuyuThCcsl NPUMEHSTH (GopMyiy bepHymum ans coctaBieHus 3akoHa
pacripeniesieHus CIly4aifHON BEITMYUHBI, N300paXkaTh 3aKOH TpadpuyecKy, HAXOJUTh BEPOSTHOCTH
KOHKDPETHBIX 3HAaUEHUI CIIy4allHOM BEJIMYNHBI.

Oo6opynoBanue: IBM PC, Mathcad
Teopernyeckue 000CHOBAHUA:

[lycTes mpoW3BOAMUTCS OMPEAENIEHHOE YMUCIO N HE3aBHUCHUMBIX HCIBITAHUMA, MPUYEM B
KKIOM M3 HUX C OJHOW M TOM kK€ BEPOATHOCTHIO MOXKET HACTYMHUTh HEKOTOpPOE COOBITHE A.
Paccmotpum ciyuaiinyro BenmuuuHy X, MPEACTABIISIONIYIO COOOM YMCIIO HACTYIJICHUN COOBITHUS
A B n uCHbITaHUSX. 3aKOH €€ paclpeeiIeHUs] UMEET BUJT

3HaYeHU X; 0 1 2 n

BeposTaocTt PA(0) P.(1) P.(2) s Pu(n)

bi
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rjie P.(m) BBIYHMCIISTFOTCS 1o dbopmyne bepnymn.
3aKoH pacmpeneneHusl ClydyailHoi BennMuuHbl X, KOTOPBIM XapaKTepU3yeTcsl TaKoil TaOIuIeH,
HA3bIBACTCSI OUHOMUAILHBIM PACHPEOeIeHUEM.

IIpumep 3
[To mumenu crpenstor 10 pa3, npuyeM BEpOSITHOCTH MOMNAJaHusl IPU OJHOM BBICTpeEIIe
paBHa 0,2. Mcnonb3ys maremarndeckuil maker nporpamm Mathcad, BeImosHUTH ciepyromye

3aaHus:

1) CocraBuTh 3aKOH pACIPENCICHUsS CIy4ailHOW BEMWYMHBI X — YHUCIIO MOMaJaHUi B

LEJIb.

2) N306pa3uth rpadudecku 3aKO0H pacrpeneieHus.
3) Haiitn HanMeHee BEPOSATHOE YUCJIO0 MOMaIaHui.
4) Haiitn HauboJee BEPOSITHOE YUCIIO [ONaJaHUM.

5) Onpenenutb BEPOSITHOCTh TOTO, YTO YUCIIO MONAAaHUN
a) m > 6; 60) m < 5; B) meHee 4; r) He MeHee §; 1) 6oree 2, HO HE Oosee 7
Pemenue

1) CocTaBuM 3aKOH pacipe/ieleHHs JaHHOU ciiy4aiiHoli BenuuuHsbl (<PucyHok 1>).
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Pucynok 1. CoctaBieHue 3akoHa pacnpeiesieHus Cy4aiHONW BETMYUHBI.

Ipumeuanue: YtoOnl 3amaTh B Mathcad 3HaueHHs m, HAJO KWCIONH30BATH KIIABUIIY
[ ; ], B pe3ysbTaTe Ha SKpaHe MOSBUTCS CUMBOJI .. [lomydyennspie 3HaueHnss m u P(m) HeoOxoaumo
3amucaTh B BHJE CTaHAAPTHOW TaOMUIBI 3aKOHA pachlpeieNieHus] CIyd4alHOW BeTMYHHBI
(<Tabmuma 1>).

2) N300pa3um rpadudecky MOTyIeHHBINA 3aKOH pactpenenenus (<PucyHok 2>).
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Pucynoxk 2. I'pauk 3akoHa pacnpenieneHus ciyyailHoi BeTUYNHBI.

IIpumeuanue: Ilocie Toro kak OyneT BbI3BaH rpaduk, B HIKHEE M0JI€ BBOJA BBEIUTE
MEPEeMEHHYI0 M, B JIEBOE IIOJIE BBOJA BBeAUTEe Ha3BaHWe (yHKmmu P(m). 3HaueHus s
MEPEeMEHHOI m 3aJar0Tcsl OT HYJIS J0 33JJaHHOTO MO YCIOBHUIO 3HAUYCHUS n. 3HaueHus ais P(m)
3aJIal0TCS OT HYJISI 10 HauOOJbIero 3HaueHus P(m). 3aTeM BBI30BUTE JBOWHBIM IIETYKOM JICBOM
KHOIIKM MBbIIK guanoroBoe okHo Formatting Currently Selected... m ycTraHOBUTE HYyXHBIC
¢bnaxku u nepexaouarenu (<PucyHok 3>).

Formatting Currently Selected ...

Oou Xy |Enenb|| Merin | Yronarin |
Dce X Oece 'Y
[T *ypran [ #ypHan
[+ Cerka [+ Cerka
¥ Hymepauma [+ Hyrepauus
¥ ApTowrkana ¥ AsTowrana
™ Nok. Maprept [ Mok Mapreps
[T AsroCerr: [~ Astoletra
Mz CeTow: M2 Cero:
fio »
Cruine Oeced

I Kopofikod

* Mepeceverse [ Daunakossie

" Her

(2].4 | OrraeHa l 1 £ I Cnpasxa |

Pucynok 3. OxHO ¢popmaTtupoBanus rpaduka.
3) Mcxoas U3 mosrydeHHOT0 3aKOHA pacpeaesieHus! CIIy4YaiilHOW BETMYMHBI HITU U3 €ro Tpaduka,

HailleM HauMeHee BEpOsTHOE YUCIIO MONAJaHuM, T. €. TaKOe 3HaYeHUe IIePEMEHHON m, IpU
KOTOpPOM BEpOSITHOCTh P(m) npuHuMaeT HauMeHblIee 3HaueHue. [ Hamero ciydasd m = 10.
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4) Ucxoas u3 NOdy4yeHHOrO 3aKOHA paclpeesieHus CIy4aiiHOM BEJIMYMHBI WIH U3 ero rpaduka,

HaiijieM Hanbosiee BEpOSTHOE YHCIIO MONAaHHMH, T. €. TAKOE 3HaUEHHE NepeMEHHOI m, Ipu

KOTOpPOM BEpOSITHOCTh P(m) npuHuMaeT camoe Oosbliioe 3HaueHue. [ Hamero cirydas m = 2.

5) Ucnionw3ys kHomnKy ? Ha maHenu Mcuuciienne, BEBIYUCITUM BEPOSTHOCTH MPHU 3a/IaHHBIX
3HAYEHHIX MepeMeHHol m (<Pucynok 4>).

. Mathcad lNpodeccrnoHanbHan Pycckana sepcusa - |

Lfﬂ $aidn [paexa Bmg Bctaeka DgpMat  MateMmatveka CuMBOmaka O
D~-=2zd &Y B o | MU=
| Nomal v || vial ~ljo ~|| B I U

10
a3 P(m)=8644x 1074
m=7
5 Hamm...@
0 Z P(m) = 0.994
m=10
3
B Z P(m) = 0.879
m=0 i de
3 Z P(m) = 7.793 x 10 LU R

m=23
7
I Z P(m) = 0.322

m=23

Pucynok 4. Beinonnenue 3ananus 5.
IMopsinok BHINOJHEHUS PAOOTHI:

1. [TpopabGoTaTh TEOPETUUECKUN MaTEepHa IO TEME.
2. OTBETUTH Ha KOHTPOJIbHBIE BOIPOCHI.

3. IlosyuuTh BapuaHT 3a1aHUSI.

4. BINOTHUTH 33J]aHUE.

5. Odopmuts otuer o pabdote.

KOHTpOJIl)HI)Ie BOIIPOCHI:

1. Kakas BennurHa Ha3bIBACTCS CIIyYaitHON?

2. Kakas ciyvaiiHas BeIMYMHA HA3bIBAETCS JUCKPETHOM?

3. Onumare cxemy beprymmu. Kakue sneMeHTapHbBIE COOBITHS TIOBTOPSIFOTCS B 3TUX
HCTIBITAHUSIX ?

4. 3anmmute Gpopmyy beprymmu.
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5. UTto Ha3bIBaE€TCsl 3aKOHOM paCIPE/ICIICHUS CIIy4YailHOW BETUYUHBI?
6 Kakoii 3akoH pacnpezenieHus: Ha3bIBaeTCst ONHOMHATBLHBIM?

IIpakTyeckoe 3ansaTue Ne 11

Tema: Beruncnenue xapaxkrepuctuk J{CB. Beruncienue (¢ moMouipto CBONCTB)
xapakTepucTuk pynkumii or ICB

Hean: HayunTthcs BeuncsaTh xapakrepuctuku ICB.

CpencrBa 00y4yeHHUsi: TETPaIu JUIsl BHITIOIHEHUS MpakTHUeCKuX 3ansaTHii, MS Excel.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHUs PadoThI:

1. PaccmoTpuTe TEOpETUUECKHUI MaTepHrall IO TEME.

2. BcniomHuTEe METOAMKY BhluMciaeHus xapaktepuctuk JICB.

3. 3aKOHCIIEKTUPYHUTE TIIOCCApUA.

3. Beruucaure yncioBsle xapakrepuctuku JJCB npeioxeHHoro psna,
MIPOAHAIU3UPYHTE CMBICII ITOJTYYEHHBIX YUCIIOBBIX 3HAYEHUHN BEJINYMH.

4. Ucnonp3yiite 1u1si TpOMO3AKNX pacueToB xapakrepuctuk JICB HancTpoiiky «Ilaket
aHanu3ay npunoxkenus MS Excel

KoHTposabHbIE BONPOCHI:

1. [TonsiTHE TUCKPETHOM Cily4ailHOWM BEJIMYMHBI.
2. Xapakrepuctuku [[CB.
I'noccapmit
Ne i/
Ha3zBanue

(xapakrtepuctuka JICB)
AJaroputM onpeaesaeHnss Hid GopMyJia BbIYUCICHUSA
Conep:kareJIbHBII CMBICJI
1
MorHoCTh psifia (c4er)
HOIIC‘-IGT KOJIMYECTBA 3JICMCHTOB
KonunuecTBo 351€MEHTOB psijia

MunumMyMm
ITonck MUHMMATBHOTO 3HAUECHHUS
MuHuManbHOE 3HaYEHUE Al

Makcumym
ITonck MakCUMaabHOTO 3HAYEHUS
MaxkcumanbHOE 3HaUEHUE psia

Pazmax (Muatepai)
BbruncnuTh pazHuIly MeXIy MaKCUMaJbHBIM U MUHUMAJIbHBIM 3HAYE€HUSIMU
Pa3znuna Mexay MakcuManbHbBIM U MUHUMAJIbHBIM 3HAYEHUSIMU
5
Cymma
CyMmMmupoBath Bce 3HAaYCHUS
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CymMa Bcex 3HauYCHHI

Mona
[Touck Hanboiee YacTO BCTpEUAIOIIeeCs 3HAUCHUS
Haubonee uyacto BcTpeuaroieecs: 3HaUeHHE
7
Menunana
ITouck 3HaueHUs psisia, KOTOPOE JACIUT PAHKUPOBAHHBIN PsiJl HA IBE paBHBIC YACTH
3HadeHue psga, KOTOPOE JACIUT PaHKMPOBAHHBIN Psi/l HAa IBE€ PaBHbIE YacTU

8
Cpennee
1
X = ; - Z X;
Cpennee apupMeTHIECKOE BapUAITMOHHOTO Psiia
9
Hucnepcus

D) =M{x -MQO))

s$=-".p
n-1

XapakTepu3yroT CTeNeHb pa3dpoca BCEX 3HAYEHUI BapUALIMOHHOTO P OTHOCUTEIIBHO

CpEIHEero 3HAYCHHS

10
CpennekBaapatuueckoe oTkiIoHeHHe (CTaHAapTHOE OTKIOHEHHUE)

o(X) = D(X)|

_ 2
Sy =Sy

11

CrangaprtHas omuoka
«ITaker ananm3za» npunoxenuss MS Excel
OneHka cpeTHEKBaAPATUYHOTO OTKIOHEHUS! BBIOOPOYHOTO CPETHETO

12
ACUMMETPUYHOCTD
«ITaxet ananu3za» npunoxenust MS Excel
Br16opounbiii KO3()PHUITUEHT aCUMMETPUHI
13
DKcuecc
«ITaker ananuza» mpuioxenuss MS Excel
Br16opounslii koadduimeHT sKciecca
Yucaosbie xapakrepuctuku JICB psaga
pan -1
pan -2
pan-3
pan -4
psax -5

31



Brruucnenne xapakrepuctuk JICB ¢ ucnonb3oBanuem HaacTpoiiku «Ilaker ananuza»
npunoxxkenuss MS Excel.
1. Ucnionp3yst TEXHOJIOTUYECKYIO KapTy BeIUUCIUTE XapakTrepuctuku JJCB.
TexHoJiorn4Yeckasi Kapra
CepBuC — HAJACTPOMKH — MTAKET aHAJIM3a — aHAJIN3 JAHHBIX — ONUCATEIbHAs CTATUCTHKA!
BXOJIHOM MHTEPBAJI — 10 CTOJIOIY — BBIXOIHOIM MHTEPBAJ — UTOTOBasi CTATUCTUKA — YPOBEHb
HaJIeKHOCTH

2. CpaBHUTE MOITy4YEHHbIE 3HAUEHUS C ITAJIOHOM, CJIEIaiTe BBHIBOIBI.
DTanoH.
pao - 1
pao -2
pAao -3
pao -4
Cpennee
3,5
Cpennee
3,5
Cpennee
3,5
Cpennee
3,5
CrannapTtHas omudKa
0,269
CrannapTtHas omudKa
0,342
CrannapTtHas omudKa
0,401
CrannapTtHas omudKa
0,619
Menuana
3,5
Menuana
3,5
Menuana
3,5
Menuana
5
Mona
4
Mona
4
Mona
5
Mona
5
CranapTHOE OTKJIOHEHUE
0,85
CranapTHOE OTKJIOHEHUE
1,08
CranapTHOE OTKIIOHEHUE
1,269
CranapTHOE OTKIIOHEHUE
1,958
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Jucnepcust BBIOOpKU
Jucnepcust BBIOOpKU
Jucnepcust BBIOOpKU
Jucnepcust BBIOOpKU
Okcuecc
0,1
Okcuecc
Okcuecc
Okcuecc
AcCUMMETPUYHOCTH
AcCUMMETPUYHOCTH
AcCUMMETPUYHOCTH
AcCUMMETPUYHOCTH
NHurepBan
NHurepBan
NHurepBan
NHurepBan
Munumym
Munumym
Munumym
Munumym
Makcumym
Makcumym
Makcumym
Makcumym
Cymma
Cymma
Cymma
Cymma
Cuer

Cuer

0,722
1,167
1,611
3,833

-1,0
-1,7
-2,1

35
35
35
35
10
10
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Cuer

10
Cuet

10

YpoBeHb HAJC)KHOCTH
0,608

YpoBeHb HAJC)KHOCTH
0,773

YpoBeHb HAJC)KHOCTH
0,908

YpOoBeHb HAJC)KHOCTH
1,401

Jdomamnee 3aganme: [Ipoanann3npoBaTh BapuallMOHHBIN PsJT

IIpakTnyeckoe 3ansiTue Ne 12

Tema: Permenue 3amau Ha (hOpMyITy T€OMETPUUIECKOTO OMPEEICHUS BEPOSITHOCTH.

Heab: Hayuntbes BHIYUCIATH BEPOSITHOCTH (JIJ1s1 OTHOMEPHOTO CITydasi, Uil IBYMEPHOTO
cilyyasi, Uil NpocTeHIuX (yHKIMHA OT JBYX HE3aBHCHMBIX PAaBHOMEPHO paclpelenEéHHbIX
BEJINYHH)

CpeacrBa o0y4yeHMs: TETpaau JUIs BBIIIOJHEHUS NPAKTUYECKUX 3aHATUH, HTepHET-
pecypcehl.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHUs PadoThI:

1. PaccmoTpuTe pelieHrne TUIIOBOM 3aJauu.

2. Pemmre 3ana4u.

KoHnTpoJibHBIE BONIPOCHI:

1.ITonsaTne OmHOMHUANBLHOTO pacnpenencHus, [lonaTne OMHOMHUAIBHOTO pacIpeeeHHs.
ITonstue reOMETPUUYECKOTO pacnpeneneHus, XapaKTePUCTUKHU reOMETPUUYECKOTO
pacnpeeseHusl.

2.Ilonatne  OMHOMMATIBHOTO  PACHpPEHCNCHHS, XapAKTEPUCTHKH  OMHOMMAIBHOTO
pacnpeeseHusl.

3. [loHsiTHE T€OMETPUUECKOTO paclpeiesieHusl, XapaKTepUCTUKU N€OMETPHUUECKOIO
pacnpeseseHusl.

Pemenue TunoBoi 3agaun

Kaxxnprit ATl OuseT jgotepen — BRIMTPHIMIHBINA. KakoBa BeposTHOCTH TOTO, uTO M3 10
pUOOPETEHHBIX OUIIETOB J1Ba OUJIETa OKAXKYTCS BHIUTPHIIIHBIMU?

Pewenue

[Tposepsiercst 10 6mneros, T.e. mpoBoauTcst 10 HE3aBUCUMBIX UCTIBITAHWA. BeposaTHOCTH
BBIMTPHIIIA B KaXA0M ucmbiTanud p =1/ 5= 0,2 , Torna q = 0,8 . Mckomyto BepOsSTHOCTb
HaxoauM 1o ¢hopmyne bepuynmu, mojoras n = 10, m = 2.

P,(2=C,* - p*-q°=36-0,22-0,8° =~ 0,242,

Pemnre 3agaum:

1. Tpuauats BoceMb CTYJEHTOB KOJUIEDKA CAJIM HK3aMEH 10 CTaTU CTUKE Ha OTJIMYHbBIE U
Xopomue OoTMeTKH. YUemy paBHa BEpOSITHOCTH TOrO, YTO B Ciyd4ailHONW BbIOOpke u3 100
CTYIEHTOB IO KpaiiHed wMepe 30 OKaXyTcs C XOpOIIMMHU U OTIUYHBIMU OLEHKaMH II0
CTaTUCTHKE?

2. BeposTHOCTh M3rOTOBJIEHUS NPOAYKLMHU BbICIIEro KayecTBa GpupMoii coctasiser 0,9.
Ckonpko HeoOXoauMo 00cienoBaTh E€AMHMIL TMPOAYKLIHH, YTOOBI C  JOBEPUTENIbHOM
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BepoATHOCTBIO 0,95 MOXHO OBLTO YTBEpXkAAaTh, YTO MOJI MPOIYKIMH BBHICIIErO KauecTBa IO
BbIOOpKE OyE€T OTKJIOHATHCS OT MOCTOSTHHON BEPOSTHOCTH IO MOAYJIt0 He Oosiee uem Ha 0,037

3. TpuauaTe BoceMb CTYACHTOB KOJIJIEAXKA CAATU K3aMeH M0 CTaTHCTUKE HA OTIMYHBIE U
XOpolme OTMETKH. Uemy paBHa BEpOSTHOCTH TOTO, YTO B Cly4aiHOW BbIOOpKe u3 100
CTYIEHTOB Mo KpaiiHed wmepe 30 OKaXyTCs C XOPOIIMMHU W OTIUYHBIMH OLEHKaMHU IO
CTaTUCTHKE?

I[OMaumee 3aJaHMe: COCTaBbTC aJITOPUTM JII000H n3 3aJ1a4 110 TCMC.

IIpakTyeckoe 3ansaTue Ne 13

Tema: Boruncnenue BepossTHOCTEN U HaxoxaAeHUe xapakrepucTuk 1yt HCB ¢ nomonibro
(YHKINU IJIOTHOCTH.

Heanb: HayunThbcs BEIUMCISATH BEPOSITHOCTH U Xapakrepuctuku HCB.

CpeacrBa o0y4yeHMsl: TETpaau Ul BBIIIOJHEHUS NPAKTUYECKUX 3aHATUH, HTepHeET-
PECYpPCBL.

Coaepixkanue ¥ NOPSAIOK BbINOJTHEHHS PadOThI:

1. PaccmoTpuTe TeopeTuuecKuii MaTepual o TeMe.

2. Pemmre 3ana4u.

KoHTpoJibHbIE BONIPOCHI:

1. I[Tonsitue HCB.

2. Ilonarue paBHOMepHO pacnpenenénnon HCB.

HenpepbiBHOW HAa3bIBAIOT CJAYyYailHYI0 BeJMYMHY, KOTOpash MOKET NPUHUMATh BCE
3HAYECHMSI U3 HEKOTOPOT'O IPOMEXKYTKA.

3akoHoM pacnpegenenuss (WIM  MHTErpajibHOM  (QyHKUMENH  pachpeesieHus)
HenpepbIBHON ciyvyaiiHoii BeamunHbl X Ha3biBaeTcs (yHkmus F(X), paBHas BEpOATHOCTH
TOTO, 4TO X MPHUHSIA 3HAYeHUE MeHbIIE X:

F(x)=P(X <x)]

I[InotHOCTHIO pacnpenenenus (Wi auddepeHunanbHON (YHKIUEH pacnpeneseHus)
HenpepbIBHOI cJy4daiiHoil BeauunHbl X HasbiBaeTcs (yHkmms f(x), paBHas MpOM3BOIHOM
MHTETpaJIbHOM (PYHKIMU pacrpeesieHus:

0 =F(x)]

B wacTHOCTH, BEPOATHOCTH MOTIAIaHMS CITyYaifHOM BEIMUMHBI B UHTEpBa ( a ; b ) paBHa:
b
P(a< X <b)= [ f(x)dx=F(b)—F(a).

Marematuyeckoe oxuaanne M(X) u aucnepceusi D(X) HempepbIBHOW citydailHON
BEJIMYMHBI ONIPEIENISIFOTCS Yepe3 HECOOCTBEHHbIE MHTETPAJIBI:

M) = [xf(odx, DX = [[x =M ) f(x)dx

Bce cBoiicTBa aucnepcud M MaTeMaTUYeCKOro OKMJaHus, ycraHoBieHHble st JICB,
coxpamnsitores ais HCB.

3ameuanue: Ecnu pacnpeneneHue CHUMMETPUYHO, TO €ro MojJa, MeauaHa U
MaTeMaTHU4YeCKOe OKMJaHUEe COBIAJAIOT.

IpakTuyeckoe 3ansiTue Ne 14
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Tema: Brruncienue BeposTHOCTEN U HaXoxJIeHue xapakrepuctuk a1 HCB ¢ nmomoiibio
WHTETpaIbHON (DYHKIIMH PACIIPEICIICHUS.

Heab: HayunThest BBIUKUCTATH BEPOSTHOCTH U XapakTepuctuku HCB.

CpencrBa o0y4eHUsi: TETpaad [JIsl BBIINOJHEHUS MPAKTUYECKUX 3aHATUH, VHTEpHET-
pecypcehl.

Pemnure 3agaun

1. Cnyyaiinas BenuurHa X 3aJjaHa HHTETPAIbHON (QyHKIIUEH:

0 npux< -2
F(x)= §+% npu—2<x<2
1 npux > 2

Haiiti BEpOoSITHOCTh TOTO, YTO B PE3YJIbTATE UCIIBITAHUS ClydailHas BeJIMYUHA X PUMET
3HaueHue: a) Menbie (; 6) Menbie 1; B) He MeHbIE 1; T') 3akmtoueHHoe B uaTepBaie (0;2).

2. CnyyaiiHasi BeTMYMHA 33]]JaHA UHTETPATbHON (QyHKIIUCH:

0 n <
F(x) = ﬁ .S npuplu<xx 513
8 8 npux >3

1

Haiitu: a) nuddepennmanbayto GyHKIUIO CIy4aiiHOW BelnWYuHbI X; 0) MaremMaTudeckoe
OKMJIaHWE, TUCTIEPCHIO, CPEIHEE KBAJIPATHYECKOE OTKIOHEHHE CIydyalHOW BETWYUHBI X, B)
BEPOSTHOCTb MONA/IaHUs CIy4YaiiHON BeIMUYMHBI B HHTEpBai (1;2).

3. Cnyuyaitnas BenuunHa X 3a/laHa MHTETpaJbHOU (PyHKLIMEH:

0 npux< A
F(x)=<X_ npuA<x<B
Al' npux>B

Haiitm 3Hauennss A4 u B, wmaTeMaTndeckoe OXUJaHWE, UCIEPCHI0 U CpeHEee

KBaJPaTUYECKOE OTKIOHEHHE CIIy4alHOW BEJIMYUHBI X.

4. Cnyuaiinas BennurHa X 3aJjaHa HHTErPATbHON (DYHKIIMEH:

03 npux <1
F(x)=4X_ —%npu1<xs2
2 npux>2

1

Haiitu: a) muddepenunanbayro QyHKUMIO ciay4dailHONW BenuuuHbl X; ©) BEpOSTHOCTH

TOT0, YTO B pEe3yJIbTaT€ YEThIPEX HE3aBHCHMBIX HCIBITAHUHN ciydaiiHas BeluuuHa X XOTs Obl

OJIMH pa3 MpUMeT 3HaueHWue, NpuHajuIexkaniee uHtepBainy (1;1,5); B) HauepTuTh rpaduku
byHKIHH.

JomalHee 3ajaHue: COCTaBbTE AJITOPUTM PELICHUS 3a/1a4K U PEILUTE €e.
Crny4vaitHas BeuvrHa X 3a/1aHa MHTETPAIBHON (DYHKITHEH:

30 npux <2
F(x)=4X"~8 npu2<x<3
19 npux >3

1

Haiitu: a) muddepenumansuyro ¢QyHKIuO; 0) BEpPOATHOCTh TMOMAJAHUS CITydailHON

BEIMYMHBI B HUHTEpBan (2,5; 3); B) MareMaTHYeCKOe OXKUAAHHUE, IUCIIEPCUI0 M CpEIHEe

KBa/IpaTUYECKOE OTKJIOHEHHE CIIy4alHON BeNWYMHBI X; I') MOAYy M MEAHAaHy BEIUYUHBI X.
[Toctpouts rpaduku GyHKIHI.

IIpakTyeckoe 3ansaTue Ne 15
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Tema: Bpluncnenue BeposITHOCTEH Ui HOPMAJIbHO PAcCHpeAEICHHOM BEJIWYMHBI (MM
CYMMBI HECKOJIbKUX HOPMAaJIbHO-PACIPEICIC€HHBIX BETHYHH.

Henanb: HayunTecs BEIYUCIIATH BEPOSTHOCTH 711 HOPMAJIBHO PACIPEIEICHHON BEIIMYUHBI

CpencrBa o0y4eHUsi: TETpaad [JIsl BBIINOJHEHUS MPAKTUYECKUX 3aHATUH, VHTEpHET-
PECYPCBI.

Conep:xanue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccmoTpuTe TEOpETUUECKHUI MaTepHrall IO TEME.

2. 3aKOHCIIEKTUPYHITE peIIeHne TUTIOBOM 3a1auHu.

3. Pemmre 3agaun.

KoHnTpo/ibHBIE BONPOCHI:

l. Packpoiite monsTHe (YHKIMH TUIOTHOCTH HOpMallbHO pacmpenenenHoi HCB,
CMBICJI IAPAMETPOB @ U G HOPMAJIBHOI'O PaCIpeEICHMSL.

2. PackpoiiTe TOHSATHE MHTErpaJibHOW (YHKIMM paclpeseeHus HOPMAJIbHO
pacnpenenennoit HCB

3. BO3MOXHO 1M HaxoXJAEHHE CYMMBbI HECKOJIbKMX HE3aBUCHUMBIX HOPMaJIbHO
pacnpenenenHsix HCB.

HopmanbHblii 3ak0H pacnpeaesneHus (puc. 1) urpaet UCKIIOYUTEIbHYIO POJIb B TEOPUU
BEpPOATHOCTEW. OJTO Haubojee YacTO BCTPEHAIOIIMMICSA 3aKOH pACIpENeeHUs, TJIaBHON
O0COOEHHOCTBIO KOTOPOTO — TO, YTO OH SIBJISIETCA IpPEAEIbHBIM 3aKOHOM, K KOTOpOMY, IIpH
OTIpE/IETICHHBIX YCIOBUAX, IPUOIMKAIOTCS APYTUE 3aKOHBI paclpeaeIeHusl.

JuddepenunanbHas GyHKIMS HOPMAJILHOTO 3aKOHAa UMeeT BUJ (puc. 1):

1 (x—a)’
f(x)=——-e 27
| o2z

YucaoBbie XAPaAKTEPUCTUKH HOPMAJIBHOI'O 3aKOHA:

1. MaTeMaTHYECKOE OKUIaHUE XapaKTEPU3YeT LIEHTP PACIPEICICHHIS:
T T ox (x—a)’
M(X)= | x- X)dx = | ——-exp(- ———)dx =a,rge e’ =exp (X);
(X) £ f (x) _La«/% P(--5 ) p (x)
2. JVMCTIEPCUS XapaKTepu3yeT GOopMy pactpeaecHHs:

DX = [x7 - f(x)dx —(M(X))* = &~ |

CeoiicTtBa 1uppepennuaibHoil GyHKIMN HOPMATBHOIO 3aKOHA:

1. 001acTh ompeeeHus: Dy =R
2. ocb 0X — ropu3oHTaIbHAsI ACUMIITOTA;
3. X=at0 . pe Toukn nepernba;
(a; #);
4. MAKCHMYM B TOUKE C KOOpAHHATAME:  OV27
5. rpad¥K CHMMETPUUYEH OTHOCUTEIIBHO MPSIMON X=a;
6. MOMEHTHI:
My =y ==y g =...=0,

2 4
M, =01, =30,
3

sk=*_ —0Ex=%_3=0;
o,
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7. BEPOATHOCTb IONAJAaHUSI HOPMAJIBLHOTO PACIPENEICHHON CIIy4allHOW BEJIMYUHBI B
3aJJaHHBIA WHTEPBAJI ONPEAEIAETCS, 10 CBOWCTBY UHTErpajIbHONU (PyHKINU:

P(a < x < fB) :cp*(@]_@*(af—a]:q,[ﬂ—a]_@(a—a]
o o o o
1 7 (t—a)’
- — dt —
o2rx 'J;exp( 20° )
WHTErpajgbHas (PyHKIUS HOpMAIBHOTO 3aKoHa (puc.14); O (x) — dyukmus Jlammaca.
= ®(X) A

rae d*(x) =

f1x)

N /TN

Huddepenunanshas ¢pynkuus MuTerpanbHas GyHKIUs
Puc. 1. HopmanbHbIi 3aK0H pacnpeieneHus
HopmanbHblii 3ak0H pacnpeaenenus (3axoH ['aycca):

_(xa)’
2

1
f)=—="e *,
o~N2T1

rae M(x) = a, D(x) = 6.
B dacTtHOCTH, [UII HOPMAJIBHOIO 3aKOHA paCHpeNeNIeHHs CIIydallHOM BEIWYMHBI X,

BCPOATHOCTD IIOIIAAAHUS B 3a,I[aHHBII>i HHTCPBAJ BBIPAXKACTCA UCPC3 (bYHKI_II/HO Jlannaca:

P(a< X <ﬂ)=c1>(ﬂ;“)—c1>(“;“).

Kpugas 'aycca umeet Bu:

f Y

¥
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IIpakTnyeckoe 3ansitue Ne 16

Tema: BrlunciaeHue BEpOATHOCTEH M HAXOXKIEHUE XapaKTEPUCTUK JUIsl MOKA3aTEIbHO
pacnpeieIeHHOW BEJTUYUHBI.

Heab: HayunThCsl BBIUKCIATH BEPOATHOCTH U1 HOPMAJIBHO PACIIPEAEIEHHON BEJIMYUHBI

CpencrBa 0o0y4eHHUsi: TETpaad JJIs1 BBINOJHEHUS MPAKTUYECKUX 3aHATUN, VIHTEpHET-
pecypchl.

Pelnenne THnoBoji 3a1a4n

Ilycte ciyqaitHas BenuunHa X paclpezesieHa 10 HOPMAJIbHOMY 3aKOHY C IlapaMeTpaMy,
a=30u 6 = 10. 3anucarh MWIOTHOCTb pPaCNpeAeIICHHs BEPOSITHOCTEN U HAUTU BEPOSTHOCTH TOTO,
yT0 X MPUMET 3HaYeHUA U3 ¢ - uurepnana ( 20 ; 40 ).

Pemenue. IlnoTtHOCTH pacnpeneneHus BEpPOATHOCTEM HOPMAJIbHO pacClpelelIEHHON
CIIy4alHOM BENMYMHBI X C 33JaHHBIMH [IapaMeTpaMU UMEET BUJL:

1
0= 10v2r

Haitném  BeposSITHOCTH  TOro, 4TO CllyyalHas BeJIMYMHA X  OTKJIOHHUTCSA  OT

_(x-30)°

e 200 i

MATEMATHUYCCKOT'O OKHUJIAaHUS a Ha BeJII/I‘-II/IHy MCHBIIIC YEM O.
at+o—a a—o—d
Pla-o<X<a+0)=d(— - p(—2")=2.d(1) ~ 0,683
o o

Pemnre 3a1aun

1. Cnyyaiinas BenuunHa X paBHOMEpHO pacmpeneneHa B uHrepBaie (-2;N). Haiitu: a)
middepeHnanbHy0 QyHKIUIO Ciay4daifHOM BeauuuHBl X, ©) MHTErpajbHYyI0 (YHKIHIO; B)
BEPOSITHOCTh IOTAJaHUs CIIyYalHOW BEIWYMHBI B HHTEpPBa TE3D MaTeMaTHIECKOe
OKUJaHKe, JUCIIEPCUIO U CpeHee KBaApaTHUeCKOe OTKIIOHEHHE CIIy4YailHOW BEJTMYUHBI X.

2. HaiiTn MaTemMaTH4ecKoe OXKUJAHUE U TUCIEPCUIO CIYyYalHOW BEJIMYMHBI, PABHOMEPHO
pacmipeneneHHol B uaTepBaie: a) (5; 11); 6) (-3; 5). Haueptuts rpadguku 3TUX QyHKITUAH.

3. PaBHOMepHO pacnpeneneHHas ciydaiiHas BedquunHa X 3aJaHa  IUIOTHOCTBIO
pacnipenenenus f(x)= 0,125 B untepBane (a-4; a+4), Bae Hero f(x) = 0. Havitu M(X), /{(X), 0‘()().

JlomalHee 3a/iaHHe: COCTaBbTE AITOPUTM PEIICHUS JIF0OOH U3 33/1a4 110 TeME.

IIpakTyeckoe 3ansaTue Ne 17

Tema: llentpanbHas npeaenbHas TeopeMma. 3aKOH OONBLIMX 4YHced. BeposTHOCT u
4acToTa.

Heas: HayuuThcs pemarh 3aaydl Ha TIOHATHE YacCTOTHI COOBITHS, CTAaTUCTHUECKOE
ITOHMMAaHNE BEPOATHOCTH

CpencrBa 00y4yeHUsI: TETpaau ISl BBIMOJHEHUS NPAKTUYECKUX 3aHATUN, WHTEepHET-
peCypCBhl.

Teopernueckunii 6J10K.

Llenmpanvnas npedenvuas meopema. Ecnu ciyqaitHas BenuuanHa X MPECTaBIsAET, COOOU
CyMMY OY€Hb OOJIBIIIOTO YHCIAa B3aMMHO HE3aBHCHMBIX CIYYalHBIX BEJWYHH, BIUSHUE KaKIOH
U3 KOTOPBIX Ha BCIO CyMMY HHMYTOXKHO Majio, TO X HMMEET pacupelerneHue, OIM3Koe K
HOpPMaJIbHOMY PacHpeesICHHUIO.
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Ilpumep. TlycTb IpOU3BOAUTCS M3MEPEHUE HEKOTOPOW (pu3nmyeckoi BeauumHbL. Jlr0oboe
W3MEpPEHHE JacT JIUIIb NPUOIMKEHHOE 3HAUYCHNE U3MEPSIEMON BEIMYMUHBI, TaK KaK Ha pe3yJbTaT
U3MEpPEHHs] BIHAIOT OYEHb MHOTHME HE3aBUCUMBIC Ciyd4ailHble ¢akTopel (Temmeparypa,
KoJebaHuss mpubopa, BIAKHOCTh U Ap.). Kaxkapiii u3 3THX (aKTOPOB MOPOKIAET HUYTOKHYIO
"gacTHyI0 omuOKy". OHAKO, TOCKOIBKY YUCIO 3TUX (DAKTOPOB OUEHBb BEIIUKO, UX COBOKYITHOE
JeMCTBHE MOPOXKIALT YHKE 3aMETHYIO «CYMMapHYIO OIIHOKYY.

PaccmarpuBast cymmapHyro OmIMOKY Kak CyMMYy OY€Hb OOJBIIOrO YHCIa B3aHMMHO
HE3aBHCHUMBIX YaCTHBIX OIMIMOOK, MBI BIIpaBe 3aKIIOYUTh, YTO CyMMapHas OIIUOKa HMeeT
pacmpesneneHue, OnM3Koe K  HOpPMalIbHOMY  pacmpeneneHuto. OTBIT  MOATBEpXKAaeT
CHPaBETMBOCTH TAKOTO 3aKIIOYCHHUS.

PaccMoTpuM ycnoBus, IpU KOTOPBIX BBIOJHAETCS "LIEHTpaibHas NpeaesbHas Teopema’

ITycrs:

X1, X2, ..., Xn — nociie1oBaTeIbHOCTh HE3aBUCUMBIX CIIyYailHBIX BEJIMYUH,

MX1), M(X2), ..,M(Xn) - KOHEYHBIE MATEeMAaTUYECKHE OXHUAAHUS OTHX BEIUYHH,
COOTBETCTBEHHO paBHble M(Xk)= ak

D(X1), D(X2), ..., D(Xn) - KOHEYHbIE IUCTIEPCUU HUX, COOTBETCTBEHHO paBHbIe D(X
k)=bk2

Bsenem o0o3nauenus: S= X1+X2 + ... +Xn;

Zﬂt thz
Ak=X1+X2+ .. +Xn=81 |, B2=DXI1)+ D(X2)+ ...+ D(Xn) = 4

3anuieM QYHKIHIO pacipeie]ICHHs] HOPMUPOBAHHON CYMMBI:

Plﬁ'. -4, ]
———«x
Fn(x) = B,

['oBopsaT, 4yto K mnociaepoBarenbHocTH X/, X2, .., Xn npuMeHMMa LEHTPAIbHAS
npeJenpHas TeopeMa, €Cliu MpH JIF000M X (PyHKIUS pacrpeieleHusi HOPMUPOBAHHONW CyMMBI IIpU
n ® ¥ cTpeMHuTCs K HOpMaITbHON (YYHKIIMH PaCIpeIeTICHNUS:

r ==
o ({55 Gle

2| T

3ameuanue. TlomyueHHas QYHKUUS OTJIMYAETCSI OT MHTErpajJbHOM NPHUOIMKEHHOM
¢yskuuu Jlamiaca TOJIBKO JUIIB OpeeaMu HHTETPUPOBaHUs, I/1€ HaXoaaTcst oT () 10 x

B wactHOCTH ecnu Bce ciywaiinbie BenmuuuHbl X1, X2, ..., Xn oounaxoeo pacnpedenenvt n
oucnepcuu 6cex dMux elUdUH KOHeuHble U He pdeHvle HYII0, TO K ATON MOCIe0BATEIbHOCTH
IIPUMEHHUMA LIEHTpalbHas MpeeibHas TeopeMa.

2. 3aK0oH OOJIBIIMX YUCETI, BEPOATHOCTH M YaCTOTA.

Kak u3BecTHO, HEnb3s 3apaHee yBEPEHHO IPEIBUJIETh, KAKOE U3 BO3MOXKHBIX 3HAUYECHUN
IIPUMET cilydaliHasi BEIMYMHA B UTOI'€ MUCHBITAHUS; 3TO 3aBUCUT OT MHOTHMX CJIy4alHbIX PUYMH,
y4ecTb KOTOpble HEeBO3MOXKHO. Kazanoch Obl, MOCKONBKY O KaKJOW CIy4alHOW BEIWYMHE MBI
pacrojaraeM B 3TOM CMBICJIE BECbMa CKPOMHBIMH CBEICHMSIMH, TO BPSI JI MOYKHO YCTaHOBHTD
3aKOHOMEPHOCTHU MOBEICHHUS U CYMMBI JIOCTATOYHO OOJIBIIOTO YMCIIA CIy4alHBbIX BenuuuH. Ha
camoM Jeine 3To He Tak. OKa3bIBaeTCsl, YTO MPHU HEKOTOPHIX CPABHUTEIBHO LIMPOKUX YCIOBUSAX
CyMMapHO€ MOBEACHUE JJOCTATOYHO OOJBLIOTO YHCa CIy4YailHBIX BEJIWYHMH TOYTH YTPAuHWBACT
CIIy4alHBIM XapakTep U CTAHOBUTCS 3aKOHOMEPHBIM.

Jl1s mpakTUKU OYEHb Ba)KHO 3HAHHME YCJIOBMM, NMPHU BHIIOJHEHUH KOTOPBIX COBOKYITHOE
JeficTBHE OYeHb MHOTHX CIIyYalHbIX MPUYHMH NPUBOJIUT K PE3YJIbTATY, MOUYTH HE 3aBUCAILEMY OT
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cllydasi, TaK KaK MO3BOJISIET NPEABUACTD X0/ IBJICHUI. DTH yCIIOBUS U YKa3bIBAIOTCS B TEOpPEMAX,
HOCSIIIMX 0OIlee Ha3BaHHWE 3aKoHa Ooybmux unced. K HUM oTHOcATCS Teopembl UeOwimeBa u
bepuymiu (uMeroTcs U Ipyrue TeOpeMbl, KOTOPBIE 3/1eCh HE pacCMaTPUBAIOTCS).

IIpakTyeckoe 3ansaTue Ne 18

Tema: Pemenue 3a7a4 Ha TMOHSATHE YAaCTOTHI COOBITHS, CTATUCTUYECKOE IMMOHUMAHUE
BEPOSITHOCTH

Henab: Hayuutbest pemaTh 3a7addl Ha TOHATHE YacCTOTHI COOBITHS, CTAaTHCTHYECKOE
MMOHUMaHUE BEPOSITHOCTU

CpencrBa o0y4eHUsi: TETpaad [JIs1 BBIINOJHEHUS MPAKTUYECKUX 3aHATUH, VHTEpHET-
peCypcehl.

Conep:xanue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. PaccmoTtpuTe TeOpeTHUECKHU MaTepral Mo TEME.

2. 3aKOHCIIEKTUPYHITE peIIeHrne TUTIOBOM 3a1auHu.

3. Pemure 3amaun.

Omnocumensnoii yacmomoii codbITHs 1 HA3BIBAIOT OTHOIICHNE YHCIIA HCIIBITAHHI 7 |
B KOTOPBIX JJAHHOE COOBITUE MOSBUIIOCH, K 001IIeMY YUCITy # (aKTUUEeCKH MPOBEAEHHBIX
WCTIBITAHUM:

Wi =2 a="
% WM Kopode: G

Ommuocumenvnasa uacmoma Hapsy C 6ePOAMHOCHIBbIO SBISETCS OJHUM U3 KIHOYEBBIX
MIOHATHUH TepBepa, HO €ClIU Kjaccuyeckoe 1100 reoMeTpruyecKoe onpeneleHne BepoOITHOCTH
He TpeOyloT NpPOBEAEHUS MCIBITAaHUM, TO OTHOCUTEIbHAs YacTOTa pPACCUUTHIBAETCS
uckmountenbHo [IOCJIE onbiToB Ha 0OCHOBE (DAaKTUUECKU MOJTYUYEHHBIX JTaHHBIX.

B TOoM cnywae, ecnu cepuu MCIBITAaHUM HPOBOJATCS B HEU3MEHHBIX YCIOBHSX, TO
OTHOCHUTEJIbHAsI 4acTOTa OOHApPY>KUBAET CBOMCTBO yCHMIOUYUBOCHIU, TO €CTh KOJIEOJIETCSI OKOJIO
OIpeIeIEHHOTO 3HAUEHHUS.

[lycte Hekuii mpodeccuoHanbHbli cTpesiok npousBén 100 BBICTPEIOB MO MHIIEHH U

LENY

nonai 83 paza. Torga OTHOCUTEIbHAS YACTOTA MOPAKEHUS LIEJIA COCTABUT: 100

[IpenmonoxkuM, 9TO TOT K€ CaMblil CTPEJOK B TOYHO Takoh xke «popme» u B
MPUOJIM3UTEIIBHO TaKUX K€ YCIOBHIX CHOBa MpoBEn ceputo u3 100 BeicTpenoB. BeposTHo 7,
4yTO OH cHOBa momnanet 83 paza? He ouenb. Ho xonmuecTBO momamanuii Bpsia v OyAeT CHIBHO
OTJIMYATBhCS OT MpeAblayliero pesynbrara. Ilycts, Hanpumep, crpenok nonain 79 pa3. Torna

—Ez[]j‘

OTHOCHUTEJIbHAS YaCTOTA MOPAKEHUS 1IETIH COCTABUT: 100
B Tpetbeit cepun u3 100 BbICTpenoB, NPOBEAEHHON NPHU MOXO0XKHUX OOCTOATENbCTBAX,

sl
gt=——=1,
JaHHBIN cTpenok nonai 81 pas 100 U T.J
, b
Huorpa moryt ciydarbest Onectsmue cepun 6osiee 90 momanaHuii, UHOT/Ia «IIPOBAJIBDY,
HO CpelHee KOJMYECTBO MomajaHuii Oyner BapbupoBaThcs okoio 80. M korma koiamyecTBo

(aKTHUECKH TPOBEAEHHBIX HCIBITAHUN CTaHET JOCTaTOYHO OOJBIIMM, TO peYb 3alAET o
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cmamucmuyeckou eepoamnocmu. Ecay B OJUHAKOBBIX (IPUMEPHO OJMHAKOBBIX) YCIOBMAX
IIPOBE/ICHO JOCTATOYHO MHOIO MCIIBITAaHUM, TO 33 CIMAMUCMUYECKYIO 6EPOAMHOCb COObIMUA
MPUHUMAIOT OTHOCUTENIbHYIO YaCTOTY JAHHOTO COOBITHUS TMOO OIM3KOE YHCIIO.

[IpennonoxuM, 4YTO Ha NPOTSKEHUHM HECKOJIBKHMX JIET Hall CIIOPTCMEH, COXpaHss
CTaOWJIBHBIH ypOBeHb MOATroTOBKH, coBepmmil 10000 BeictpenoB u moman 8037 pas.

w07
ar= -

OTHOCHUTENbHAS YaCTOTa MOPAXKEHUS [IEJIU COCTABUT: 10000 1 3@ CTAaTUCTHYECKYIO
p =035

BEPOSITHOCTh €T0 PEe3YJIBTATUBHOCTH IEIECOO0pPA3HO TPUHATH , KOTOpasi CTaHOBHTCS
TEOPETUYECKON OIIEHKOU, HApUMEDp, Mepe.l TPAIYIIUMI COPEBHOBAHUSMHU.

[IpencraBbre, 9TO BO BpeMs JIGKIIMH STOT IPO(ECCUOHAN 3alIEN C BAHTOBKOW ayIUTOPHUIO
u npunenuicsa. Temepsr BaM JOKEH CTaTh OKOHYATEIBHO MOHSTEH CMBICH (pasbl «Cmpenok
nonaoaem 6 mMuulensb ¢ geposimuocmoio 0,8» =) =)

Nmenno tak cobupaetcst 6orarasi CHOPTHUBHAS CTATUCTHKA B PA3IMYHBIX BUAAX CHIOPTA.

AHaJIOTUYHAs UCTOPHSI C YTBEPXKICHUEM «Bepoamuocms uzeomosnenus 6paKo8anHou
Odemanu Ha oanHom cmawnxe pasna 0,05». DTy OIEHKY HEBO3MOXKHO MOJYYUTh C TIOMOIIBIO
KJIACCHYEeCKOro omnpeaeeHusl BEPOSITHOCTH — OHA CIeayeT Toibko w3 mpakTtuku! Ecim Ha
CTaHKE TPOM3BEICHBI JCCSITKH THICSY JETallel M HAa KAKIYI0, CKaKEM, THICSYY BBIMYIICHHBIX
JeTaJIeH, MPUXOIUTCS B cpenHeM S0 OpakoBaHHBIX, TO B KAUE€CTBE CTATUCTUYECKOU BEPOSATHOCTH
p =005

Opaka MPUHUMAETCS 3HAYCHUS
B 3anmaue 2 ypoka JlokajbHasi 1 MHTerpajbHasi Teopembl Jlaniaca ¢urypupoBaia

BEPOSITHOCT POXKICHHS MaIbuKa & 0’52. OTtkyna B3s10Ch JaHHOE uncio? Y3 MHOrojeTHero
nojcyéra (pakTUUECKH POXKAEHHBIX NETe B ompeAenéHHOM perruoHe. B yka3aHHOW cTaThbe MBI
BBISICHUJIM, YTO 3TO BOBCE HE 3HA4YuT, 4To cpeaud 100 HOBOPOXXKIEHHBIX OyaeT pPOBHO 52
Manbudka. B cremyroomel coTHe pOXIAEHHBIX WX MOXET oOKa3aThCs, Hampumep, 45, u

—£=D,4

OTHOCHUTCIIbHAA 4YacToTa 100 6y21€T Janeka oT HMCTUHBL. Ho ecim PaCCMOTPETH

=0,52
#=Y2% copcem-coBcem

BBIOOPKY B THICSIYM M JCCATKH THICSY MIIAZICHIEB, TO ¥ OTKIIOHUTCS OT
He3HauuTenpHOo. M 3T0 ykKe He cuay4daiHocTh. Kak W3BECTHO, Takoe COOTHOILLEHHE
HOBOPOXKJICHHBIX CIIOKMJIOCH 3BOJIIOLIMOHHO — 110 MprunHe 0Ol CMEPTHOCTH MY KYHH.

B yue6HOM mnocobum B.E. I'mypmana ecTb BecbMa yJIauHbIi MpUMEp, B KOTOPOM

MMPpOACMOHCTPHUPOBAHO, KaK IMPU HOII6paCBIBaHI/II/I MOHCTBI OTHOCHUTCJIbHAA 4aCTOoTa ITOABJIICHUA
1

P==
opna TpuHONMKAeTCs K CBOCH BEPOSITHOCTH 2 (nonyyenHou no  Kaaccuyeckomy
onpeoenenur):
= 3 CITHOCTITEeTEHAL
Kommecteo Opockoe | Ureno moAeneHInt it
MOHETEL 1 opma, i HAcToTa, @ = —
"
40040 2048 05069
12000 6019 0.,5016
24000 120012 05005

Kakoit moxno caenarb BbiBOA? C yBEIMYEHHEM KOJUYECTBA HE3ABUCUMBIX HCIIBITAHUN
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CJAYYAHHOCTh NMpPEBPAIIAeTCd B 3aKOHOMEPHOCTh. OIHAKO CIEQyeT MOMHHTh, YTO MOPSAIOK
BBITQ/ICHUSI OPJIOB HEMpelcKa3syeM, 0 4éM s MoApoOHO pacckasbiBasl Ha ypoke HezaBucumble
ucnbiTanus u popmyaa bepuyism.

Bepnémcsa k eBponerickoil pynetke ¢ 18 kpacHbiMu, 18 u€pHbiMU cekTopamu 1 1 3epo. B
CaMOM NPUMUTHUBHOM BapUaHTE WIPhI: CTABUM HA «KPACHOE» WM «UEPHOE», U €CIU IIaApHUK

19
g =—r (0,513
OCTAHOBWJICS Ha CEKTOpe Jpyroro IBeTa (BEpOSITHOCTh 57 ) — crTaBKa
13
p=—r 0486
npourpeiBaercs. B cioyuae ycnexa — yaBauBaemcs (BEpOsITHOCTh ).

B oTaenpHO B3ATOM ceaHCE UTPhl OTAEIBHO B3STHIM YEJIOBEK MOKET BBIMIPATh, IPUUEM
BBIUTPaTh MO-KPYNMHOMY. JTO ciaydaitHocTb. Ho, coBepiias MUIMOHBI 000pOTOB, pyJieTKa Ha
NPOTSDKEHHMM BEKOB MPUHOCUT HEU3MEHHYIO MNpHObLIb BiaaenblaM KasuHo. W 310 —
3aKoHOMepHocTh. CymniecTByeT Oailika O TOM, YTO KPYHHBIN BBIUIPHII HE OTHALYT, a €CIU U
OTHAIyT, TO «BBI C HUM He IoWaére no Aomay. Uucras «kuHOmHas» Qanraszus. Komy-to
MOBE3JI0, HO CKOJIbKO Tipourpaetcs?! K Tomy ke uenoBek, mocemaromuii moJ00HbIe 3aBeACHMS,
¢ OOJIBIION BEPOSTHOCTHIO MPUAET CHOBA U «CONBET emé OomnbIe» =) A 4TOOBI OH BEpHYJICS,
Ka3MHO, CKOpee HaoOOpOT — CO3JacT MaKCHUMajdbHBIH KOMGOpPT M 0€30MacHOCTb IS
«CYACTJIMBYUKAY.

Hpyroii, BO MHOTOM YCJIOBHBIM, IIpUMEp: MYyCThb B HEKOW JIOTEpEE MPHUHSIIO y4acTue

7= 628911 Guperos, us koropsix # = 192833 ppyrpann xote kakoii-To npus. TakuM 06pasoM,

_ 192833 30612
OTHOCUTCIIbHAA 4YacToTa BI)H/IFPBIIHa cocTraBuiia. 629911 . HOCKOHI)Ky 6I/IHCTOB

NPOJIAHO OYCHb MHOTO, TO C OOJIBIION BEPOSITHOCTHIO MOXHO yTBEPXkK/IaTh, YTO B OyIyIIeM Mpu
COTNOCTaBUMBIX 00beMax MPOAax 0N BBIMTPABIIMX OMICTOB OYy/eT MPHUMEPHO TaKOH XKe, U 3a
p=>03

CTaTUCTUYECKYIO BEPOSTHOCTH BHIUTPHIIIA YIOOHO NPUHATH 3HAYCHHE

Opranuzarop J0Teped 3HaeT, YTO U3 MUWIJIMOHA MPOJAHHBIX OMJIETOB BBHIUTPAIOT OKOJIO
300 ThIcsiu ¢ HeOombIIMM OTKIOHeHHEeM. M 3T0 3akoHOMepHOCcTh. Ho Bcem yuacTHuKam
JIOTepeu 0CTaETC.... — MPaBUIbHO, cay4daiHocTb! To ecth, ecnu Bbl Kynute 10 Ounetos, To
3TO el He 3HA4YUT, 4TOo BbIMrpatoT 3 Owunera. Tak, Hanpumep, nmo ¢opmyJie BepHyim
HETPYJIHO TOACYUTAThH, YTO BBIMUTPHIII TOJBKO MO OJHOMY OWJIETY M3 JEeCATH — €CTh COOBITHE
BIIOJIHE BEPOSATHOE:
By =C (0.3 (0,7° =10.0,3. (0,7)° = 0,12

A ecnu yudecTb TOT (PAaKT, YTO OILIEIIOMUTENIbHAS IO BBIUTPBILIEH — HENpUATHAs
MeJo4b, TO KapTHHA BBIPHCOBBIBAETCS JOBOJIBHO YHbUIAs, HOO MaJOBO3MOKHbBIE COOBITUSI HE
npoucxofaT. CHUTyalMI0 CHAcalOT KPAaCOYHBIE TEJICBU3MOHHBIE DO3BITPBILIN M Pa3iINYHBIC
IICUXOJIOTMYECKHUE TPIOKH.

Kenaromue MOryT CaMOCTOATEIBHO UCCIIENOBATH BEPOATHOCTD BBIMIPHILIA B PA3JINUHbIE
JIOTEpeu — BCSl CTAaTUCTUKA €CTh B CBOOOTHOM JOCTYyIIE

Pemnre 3a1aun

m efn
Fll——pl=c|= 2D
# ;pg

3aoaua Il: Pewenue: UCNONIb3YeM dopmyny

B Oannoii 3adaue: = 800, p=06 g=1-p=1-0,6=04
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£= 005 )
, mo:

a) Ecnu
=< U,DS] 2 2@[0’05' ET J = 2002808 2. 0,4981=0,9961

PU " 06
200 *x}'lﬁ' : — 8EPOSIMHOCMb, MO20,

umo npu 800 UCKLIMAHUAX OMHOCUMENbHASA YACMOMA NosGIeHus cobbimus 1 omkionumes om
8eposmHoOCmuU OaHH020 cobbimusl He bonee wem Ha (,05.

Omo cobvimue s615emces npakmu4ecxKu OOCWlOGeprlM.

6) Ecnu &= 0’03, mo:
PU% ~0,6|= 0,03} . 2@[ G’G;;d "ET ] 0 201 73w 20,4582 = 0,9164|
2 — B€EPOAMHOCNIb, NO2O,

umo npu 800 UCKLIMAHUAX OMHOCUMENbHASA YACTOMA NOSGIeHUs cobbimus 1 omkionumes om
8eposimHocmu 0anHo20 cobvimusi He bonee yem Ha 0,03.

Omeem: a)= (,9961, B) = 0,9164

P[E—p < a] . 2@[5"’_{;]
3aoaua 2: Pewenue: UCNnONIb3YeM dopmyny " 74|

B dannoil sadaue: w=600000, p=03 g=1-p=07 &=0001
Taxum obpazom:
B2 __ 03=0,001 =23 0,001 /600000 o169 s 2.04545=050%

600000 J0.3.07 -
BEPOAMHOCMb,  MO20, YMO OMHOCUMENbHASL YACMOMA  BblUSPLIUA  OMKIOHUMC O
meopemuyeckou 8EpOAMHOCIU He bonee uem Ha 0,001.
Omeem: * 0,908

45
3aoaua  3:  Pewenue:  ucnoavzyem  popmyny " Pd

B OaHHOM cnyuae: p=04 g=1-p=06 =005 y=09
Taxkum obpazom:
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.05~ A = 0,4
fo4 06
i) M =045
S0 o4
0054n +1.64
0,24
2
0.05/n = (1,647
024
00023 _ ., 5596
0,24
%> 26896 22
00025
n = 2582

Omeem: neobxo0umo npouszgecmu He meree 259 onvimoa.

I[0Mamﬂee 3aJaHHUE: COCTAaBbTE aJITOPUTM PCIICHUA 000 13 3aJa4 110 TEMC.

IIpakTnyeckoe 3ansaTue Ne 19

Tema: Pacuét koddduiinenTa KOppesium.

Hean: Hayuntbcss BBUUCIAT KOIPPHUIMEHT KOPPEISIHH, TPOBOJUTH AHAIN3
3HAYUMOCTHU KOd(DPUIMeHTa KOPpesInu.

CpencrBa o0y4eHUsi: TETpaaW IS BBIMOJHEHUS MPAKTUYCCKUX 3aHATHH, VHTEpHET-
PECYPCBHL.

Copep:xanue U MOPSI/I0K BHINOJHEHHUS PadOThI:

1. PaccmoTpuTe TeopeTudecKkuii MaTepual mo Teme.

2. 3aKOHCIIEKTUPYITE BUIBI KOoppensiuuu, mkany [Hlenoka.

3. Hcnonb3yss TabnuuHble JaHHBIE M TAKeT aHaiu3a, HAWAUTEe BO3MOXKHYIO
KOPPEISILIMOHHYIO CBSI3b.

KoHnTpoJibHBIE BONIPOCHI:

1. IToHsiTHE KOppeNALUH.
2. [TpuBenuTe KIaccu(UKAIMIO CTENICHU KOPPEISIIUOHHON CBS3U.
Koppeassuus

B MmaremaTtuke 3aBUCUMOCTb MEXAY ABYMs BeIUYMHAMHU X U Y BBIPAXKAETCS C TOMOIIBIO
byskun y=f(X), rie KaKaoMy BO3MOKHOMY 3HAu€HUIO X CTaBUTCS B COOTBETCTBUE HE Ooee
oJTHOTO 3HaueHus1 Y (Mogo0Hasi 3aBUCUMOCTh HA3bIBACTCS (PYHKIIMOHAIBHOK ).

BaxHbpIM 4acTHBIM CIIy4aeM CTOXaCTHYECKON 3aBUCHMOCTH SIBISIETCS KOPPEJSIIMOHHAS.
KoppensmnuonHasi 3aBUCHMOCTh MEX]Ty TIEpEMEHHBIMUA BEITUYMHAMU — 3TO Ta (PYHKIIMOHATBHAS
3aBUCUMOCTb, KOTOpasi CYILIECTBYET MEXIY 3HAYEHUSMU OJIHOM U3 HUX M TPYNIOBBIMHU
cpenaumu apyroi. (Koppemnsiimonnsie 3aBucumoct Y Ha X ¥ X Ha Y OOBIYHO HE COBMAIAIOT).
KoppensimpionHasi CBsI3p  4alle BCETO XapaKTepU3YETCS BBIOOPOYHBIM  KOIPPUIHECHTOM
KOPPEJIALMK T, KOTOPBIA XapakTEpHU3yeT CTECNEeHb JMHEHHOW (PYHKIIMOHAIBHOM 3aBUCUMOCTH
Mexay CB X u Y. st nByx CB X u Y kodpdummMeHT Koppensiiuu HMeeT CICIyIOIIHe
CBOMCTBA:
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1. —151’"51;'

2. ecn r= il‘, o Mexany CB X m Y cymectByer (yHKIIMOHAJIbHAS JIMHEWHAS
3aBHCHMOCTb;

3. ectu =0, To CB X u Y HEKOppeJIHpOBaHHBI, YTO HE O3HAYAET HE3aBUCHUMOCTH
BOOOIIIE;

4. eciu X uw Y o0Opa3ylT cuctemMy HOpMalbHO 3aBHcHUMBIX CB, TO U3 ux
HEKOPPEIUPOBAHHOCTH CIIEAYET HE3aBUCUMOCTB;

5. koo dunuents! koppensauud Y Ha X 1 X Ha Y COBIAAAIOT.

CratucTuyecKyl0 3aBHCHMOCTb HAa3bIBAlOT KOPPEJSALMOHHOM, €Clid MpU H3MEHEHUU
3HAYEHUH OJHON BEIMUYMHBI MEHSETCS CPEHEE 3HAUECHUE APYTOil.

Buasl koppeJsiumii:

l. OTHOCHUTEJIBHO XapaKTepa KOppemsuu:

- IOJIOXKUTENbHAS (paBHOHANPABJICHHAs, IIpsiMast);

- oTpuIaTenbHas (oOpaTHas);

2. OTHOCHUTEJILHO YHUCJIa IEPEMEHHBIX:

- IpocTas WK NapHasi;

- MHOJKECTBEHHasl, C €€ IIOMOIIbI0 MOXXHO OXBaTUTh BECh IMPUYUHHO-CJIEICTBEHHBIH
KOMILJIEKC;

- YacTHas KOPPEJSIIUs, KOPPETSAIUsI MEXITY NBYMsI IIEPEMEHHBIMU MPU (HUKCUPOBAHHOM
BIUSHUM JAPYTUX (BCKPHIBACTCS BHYTPEHHSSI CTPYKTypa COOTHOIICHHWM, T.€. SIUMUHUPYETCS
BIIMSIHUE JIPYTUX (PAaKTOPOB);

3. OTHOCHUTEIBHO (POPMBI CBSIZU:

- TUHEHHAS,;

- HeJIMHEWHAs,

4. OTHOCHUTEIFHO THUIIA CBSI3U SBIICHUI:

- HETIOCPEICTBEHHAS] KOPPEIISALIUS;

- KOCBEHHAsl KOPPETSIHS;

- JIO’KHAsL KOPPEJISILIHSL.

Paznuuarot Koppessunio, 00yCI0BICHHYO:

- IPUYMHHOM 3aBUCUMOCTBIO X OT Y;

- 3aBUCUMOCTBIO X U Y OT TPEThEU BEINYUHBIL;

- HEOAHOPOJHOCTBIO BHIOOPKU;

- (popmanbHO (YMCIOBBIMH JAHHBIMH).

OOBIYHO cTENEeHb TECHOTHI CBS3M MEXKAY Pe3yJbTaTHBHBIM M (DAaKTOPHBIM MPHU3HAKOM
OIIpeIeIIIeTCs 110 BeuunHe Kodduirenta koppemnsauuu (mkana Hlenoka):

ecnu r <0,2 — CBSI3M HET;

ecau 0,2 <Ir<0,5 — cnabas cBs3b;

eciu 0,5 =r<0,75 — cBsI3b CpeHss;

ecau 0,75 =Ir<0,95 — cBs3b TeCHAL;

ecau 0,95 <Ir<l — cBs13b OYEHH TECHAS.

Ne m.im

®uznyeckue ynpaxxuenus; Ilyabe, yiapoB/Munyrty
IHoa, 0-m; 1-x.

Bospacr, ger
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0 I |o 0 0 0 0 0 0 0 0 0
10 | 32 | 17 16 |20 |48 |17 |27 |24 |35 | 17 | 16
20 | 68 | 2 6 7 0 |11 |15 |16 |17 | 18 | 19
30 | 70 | 73 67 |87 |54 |75 |62 |65 |60 | 84 | 94
40 | 79 | 100 |108 [99 |60 |90 |98 |67 | 62 | 94 | 98
50 | 80 | 101 |125 |[102 |120 | 100 [105 | 70 | 65 | 120 | 110
60 | 105| 106 | 130 |112 |140 | 105 |125 | 75 | 67 | 156 | 125
70 105 115 | 148 | 120 [136 | 78 | 70 | 176 | 138
80 104 123|200 | 140 | 147

100 148 150

103 143 165

81 145 180

0 0 0

18 20 37

3 9 14

86 90 98

94 92 108

98 125 128

99 190 148

101 198

105 220

107

111

117

0

20

4

84

88

110

120

134

Jomamnee 3aganue: CoCcTaBUTh aITOPUTM BBIUUCIICHNS KOPPEISALMOHHOM CBSI3H.

IIpakTnyeckoe 3ansitue Ne 20
Tema: Ananu3 3HaUUMOCTH KO3 (PHUIIMEHTA KOPPENISALIUU.
Henab: Hayuutbcst BbUUCHATH KOAPGUIUEHT KOPPENSILHUMU, MPOBOIUTH aHAIH3
3HaYUMOCTHU KOAPDUITUEHTA KOPPETIAIIH.
CpeacrBa o0yuyeHMsi: TETpaau ISl BBIMIOJHEHUS NMPAKTUYECKUX 3aHATUH, MHTepHeT-

pecypcehl.

3HauuMocTh KO3 PULMEHTa KOPPeJasaun
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Jlaxke 1S HE3aBHCHUMBIX BEIUYMH KOI(D(DUIMEHT KOppENsui MOXKET OKa3aTbCs
OTJIMYHBIM OT HYJIA BCICIACTBUC cnyqaf/'IHoro pacceiaHnda peE3yabTaTOB I/I3MepeHI/Iﬁ NI
BCJICJICTBHE HEOOJBIION BBIOOPKM CIydailHBIX BeNWYMH. [lo3TOMy clemyer TpOBEpSThH
3HAYUMOCTB KOd(pPUIMeHTa KOppesinum.

3HAaYMMOCTh JMHEWHOTO KOX(HUIMEHTa KOPPENIALUU NpPOBEpsSETCS HAa OCHOBE I-
kpumepus Cmolooenma:

[
=
=
[
LR

Ecmm ¢t > t, (P, n-2), TO NWHEHHBIH KOIPGUIMEHT KOPPEIAIUU 3HAYMM, a
CJIeIOBATENbHO, 3HAYMMA M CTATUCTHUYECKAas CBSI3b X 1 Y.

MOHO paccuuTaTh 3HaYeHHE KPUTHUECKOTO KO (UIIEHTA KOPPEISALIUT

i

S +(n-2)

Jns ynoOcTBa BBIYMCICHMH CO3JaHbl TAaOJIMIBl 3HAYEHUIH JOBEPUTEIbHBIX I'PAHMIL
KOO QUIMEHTOB KOppesMU JUIsl Pa3IM4HOrOo 4YHcia CTerneHedl cBobGoxel f = n—2
(IBYCTOPOHHUN KpUTEpU) U Pa3NUYHBIX YpoBHeW 3Hauumoctu a = 0,1; 0,05; 0,01 u 0,001.
Cunraercs, 4YTO KOppeNsLUs 3HAauYUMa, €CIUM PACCUUTAHHBIA KOI(PPHUIMEHT KOppeIsuu
IIPEBOCXOIUT 3HAYCHHUE JOBEPUTEIIbHON IpaHHLIbl KO (UIIMEHTa KOPPEISLNY A 3alaHHbIX [ 1
a.

Hnst 6omermux 7 u a = 0,01 3HadueHWe MOBEPUTEIBHON TrpaHUIBl Kod(hduImeHTa
KOPPEJALUI MOYXXHO BBIYMCIUTD IO MPHOIMKEHHOH popmyite

Vep ® 2.6/ fn—12 .

IMpakTnueckoe 3ansitue Ne 21

Tema: MeToJl HAMMEHBIIIUX KBAPATOB.

Henb: HayuuTbcst BBIAETATh  KOPPEISAIHOHHYIO  CBSI3b  BENUYMH, TPOBOJIUTH
KOPPEJSIHMOHHBINA U PETPECCUOHHBIN aHAJINU3, COCTABIIATh JIMHEHHYIO MOJIEIb PETPECCHH.

CpencrBa 00y4eHHsI: TETpaau ISl BBINOJHEHUS NPAKTUYECKUX 3aHATUU, VHTEpHET-
PECYPCHIL.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHUs PadOThI:

1. PaccmoTpuTe TeopeTudecKuii MaTepual mo Teme.

2. 3aKOHCIIEKTUPYUTE pellleHre TUIIOBOM 3a/1auH.

3. Pemute 3anaum.
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Meton Haumenbminx kBaapaToB(MHK) - MaremaTnyeckuii METO1, IO HAXOXKICHUIO

npudankaomein GpyHkuum - f ( I)no HaOOpy JTaHHBIX(TOYEK)

{(121, yl)s (132_, yE)s s (Iﬂ, yﬂ-) }, KOTOpPasi MUHUMHU3HPYET CYMMY KBaJpaTOB OTKJIOHEHUI
TOYEK OT HAWJCHHON (PyHKIHH.

_f:'L' ] ,r.1_--.'

[pubnmkaromast GpyHKIHs - f(x) o7 ¥ ’

peOyercs 1o 3HaueHUsIM L1 -3 Lap Y1, ---; Unkak MOKHO TOUHEE OLICHHUTH f (I), TOYHEE
O3HAYaeT ¢ MUHUMAIbHBIMU OIIUOKaMH, C MUHIMAJIEHBIM pa30pocoM(auciepcreit), 0THaKoO

3aBUCUMOCTb f (I}He JIOJKHA GBITH TIPOCTO MOCTPOEHHOI 110 Toukam \Lis Yi),
N3 Monenu Perpeccuu ciaenyer MUHIMU3UPOBATh TUCIEPCHIO OIIMOOK:

Dle] = -3 (i - (7.0

T
=1

rac €= {Cﬂ'? " Cm }— BCKTOP HCU3BCCTHLIX ITapaMCTPOB.

Janee Oyaem paccMaTpuBaTh TOJIBKO cliydail oJfHomapameTpuieckoro (oagHogpakropuoro) MHK,
Korza npudnmkaromas GyHKIUs f ( T, E):;aBI/ICI/IT TOJIKO OT OJIHOTO MapameTpa &, (T.e
npubnmxaromas GyHKIUS 3aBUCUT TOJIBKO OT OJJHON MEPEMEHHOM), I03TOMY CUUTAEM YTO

AUCTICpCUA UMCCT BU !
1 n
Dle]= > (yi— f(z:,8)°
i=1

MuHumMym D [E]6yz(eM UCKaTh KaK:

OD[e] _
o "
0D[e] _ OD[e] ST dDle] & =0

35’ 8 Cp 8 Cin

—t . _ — —t
rae {Ek}kﬂ} - {Eﬂ! 1 Em }— 0a3uc U3 JIMHEHHO-HE3aBUCUMBIX (DYHKIIUH.
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MuHUMU3UPYS JUCTIEPCUIO OIINOOK D [E]HO HEN3BECTHBIM MapaMeTpam {Cﬂ! -y Cm }, 0azucom
MOJKET SBJISATHCS CUCTEMA JINHEHHO-HE3aBUCUMBIX (DYHKITHI

{Ek}?ﬂ} = {99.1;}:1:1} = {ipﬂ(:r,)_, " ipm(:t) }, npu yclIoBuu 1t << 1, TOr/Ia

f(@,8) =3 cupnla)
npubIKaromas QyHKIUS €CTh Pa3IoKeHHUE 110 ITOMY 0a3ucy: k=0 ,a
GyHKIUS AUCTIEpCHH OMIUOKY OYJeT UMETh BUJI:

n m

1
— 2
Dle] = n Z(yz' - Z crior(Ti))
Jiis aTOTO I[I/I(b(bepeHulggyeM [E](Hepeo603HaquHe D [E] =D ) OTAENBHO M0 KAXKIOMY U3
MapaMeTpoB Cimz L Ck S k=0, rme .?npo6eraeT sHagenns ot Ugo m:
aD
oc; 0 i
cj el = 0..m
m
[Tonydaem cuctemy ypaBHEHU OTHOCHUTEIIBHO MapamMeTPOB {Ck }.l;:Er
(oD _
gm 0
db
J aa =0
aD
 Bom = 0
oD 9 1., m ) " de
A, a. E(ya'—z ceipr(T:))” = E E Crior(T:) E ~ k(i) =0
de;  Oc; {3 k=0 i=1 =0 0¢;

=23 (v = ) cepn(®) 3 djnpn(ai) = 0
i=1 E=0 E—0
Ucnonb3ys:
> dwor(x) = p;(x)
k=0
MPUXOJUM K:

2[%‘ - iﬂk%(%)]@j(:&) =10

e =0...m

Pacniinem npeasiynyto GopMysTy B BHAE CHCTeMBI 171 = lypaBHeHI/Iﬁ:
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http://ru.math.wikia.com/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BB%D0%B8%D0%BD%D0%B5%D0%B9%D0%BD%D1%8B%D1%85_%D0%B0%D0%BB%D0%B3%D0%B5%D0%B1%D1%80%D0%B0%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D1%83%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D0%B9

fz'f':l[yt- — > peo cerl(Ti)|wol(x;) = 0
v = 2o ceerl(Ti) i (xi) = 0

hE?:l[y‘-f — E:lg CrPr(xi)]pm(xi) =0

IIponecc npuBeaeHHs1 CHCTEMbI YPABHEHUI K MATPUYHOMY BHY:

Vcnonb3ys criemyromniye nepeo0o3HaueHHs:

(@i, pr) = i CHEA-NES

i=1 s
(W, 0;) = > yipjx:)
i=1
3anuiuem NpebplIyLyo CUCTEMY YPaBHEHUM B MATPUUHOM BHUJIE: Ac= E_). ,
(vo,00) {p1,00) - {Pm,0) co (v, wo)
(wo,01) (e, e1) - (@me1) | L e |- {y, 1)
A= - . . . c=| . |b=|"".
e (P0, m) (P1,0m) - (Pmy Pm) ] Cm ) (Y, om)

Marpuna A- nassiBaercs marpuuei I'pama.

pemacM CUCTEMY MATPUYIHBIM MCTOAOM H HAXOJUM BEKTOP MCKOMBIX KOE)(I)(I)I/II_II/IGHTOB

npubmmkaromeit Gyukuan: © = {C{' 1 Cly v vy Gm
-1
o (w0, 00) (w10} =+ {©m, o) (y, o)
. | a . (o, 1) (p1,01) -+ (Pm 1) {y, 1)
c = =A"bh= ] ) ] i X
Cm (0o, om) (1,0m) =+ (Pm,Pm) (¥, om)
B pesynbrate, Mbl HAITH MTPUOIMKAIOILYIO (PYHKITUIO f (T’)
Co
€1
fley=[ . [(po(z), wi(z), ..., wm(x)) = copol®)+eip1(T) 4. Acmn Pm(T)
Cm

IpakTuyeckoe 3ansiTue Ne 22
Tema: CocraBieHne ypaBHEHUs JIMHENHHON perpeccun. [IpoBepka afqeKBaTHOCTH MOJAEIH.
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Henb: HayuuTbcst BbIAEHATH  KOPPEISAIHOHHYIO  CBSI3b  BEJIUYMH, IPOBOJIUTH
KOPPEJSIMOHHBIA U PETPECCUOHHBIN aHAJIU3, COCTABIIATh JIMHEWHYIO MOJIENb PETPECCHH.
CpeacrBa o0yuyeHMsi: TETpaau IS BBIMIOJHEHUS NMPAKTUYECKUX 3aHATUH, HTepHeT-

PECYPCBHL.
KoHnTpo/ibHBIE BONIPOCHI:
l. [ToHsiTHE KOPPENAUMOHHON U PETPECCUOHHOMN CBSI3H.
2. ITpuBenure K1accu(puKaMIO CTENCHU KOPPEISLIUOHHON CBS3U.
3. [TonsiTus QPyHKIMOHAIBHOM CBSI3U, CTATUCTUYECKON 3aBUCUMOCTH.
4. B uem 3akinro4aroTcs 3a1a4u KOPPEISLMOHHOIO U PETPECCUOHHOIO aHAJIN3A.

Bbi0opoyHOe ypaBHeHHe NPSAMOM JHHUM perpeccu Y Ha X TMOJIYYEHHOE IIO
pe3ysbTaTtaM BEIOOPKH UMEET BUJI JIMHEWHOTO MPHOIMKEeHHS ~ 0T X

Ye—Yg=rs—(x—Xp),
(o2

X

]I T g — BEIOOPOYHBIN KO3(D(DHUIUEHT KOPPEISALNH, PABHbIIM
- anwx-y_ NXp¥s

no.o, ’
Eciu |rB| Wn—123

Ocraro4Hoi AucnepcHeii Ha3bIBAIOT BEIUUNHY

Ty

, TO CBA3b MCXKIY CﬂyqaﬁHbIMH BCJIMYMHAMHK JOCTATOYHO BEPOATHA.

O_ocm = (1_ rzB)
PenieHue TUNOBOM 3a1a4uu
JanHbIe K 3a/1a4e CM. pakTHIeckoe 3ansatue Nol2

Haiitn peanu3anuio ypaBHeHHs TUHENHON perpeccun Y Ha X. Ecnu cBs3b NpU3HAKoB Y
1 X 10CTaTOYHO BEPOSATHA, TO OLICHUTh, HAa CKOJILKO B CPEAHEM POXKJIeHHE peOEHKA CKa3bIBAETCS

Ha BEJIMYMHE I0X0/1a B pacy€Te Ha OJHOTO YJIEHA CEMBHU.

BbIuncInM cpeHee KBaIpaTHIECKOe OTKIOEHHE BRIOOPKH X: ©x ~ Dpx = 0’88l

Borancnum ko3 puiimeHT Koppensun:

o _0+2-7+6-15+10-13+14-5+18+2-2-7+2-6-11+2-10-8+2-14-6+3-2-4+3-6-5+3-10-2-100-1,38-8,16 _

Iy -0,37.
100.0,88-4,32

IloacraBnsiem HaliieHHBIE BEIMYUHEL B YpPaBHCHHUC JIMHHUU PETPCCCUr Y Ha X

4,32
y. —816=-03723
0,88

>

(x—1,38),

MM OKOHYaTenpHo: Y« = L83X+ 10’74

Tk ‘rB|-«/‘n— = 3,7 > 3,

TO CBA3b MCXKAY pacCMAaTpUBACMBIMH IIpHU3HAKaAMU JOCTATOYHO
BEpOSITHA.

B cpennem poxaeHne peOEHKa yMEHbBIIAET JAOXOJ] Ha OIHOTO YiIeHa CEMbU HAa CyMMY
okoio 1,83 Teic. pyo.

N300pa3uM cxemaTu4ecku B KoopAuHaTaXx XY BBIOOPOYHOE pacmperesieHHe 10
MIPU3HAKaM M NOCTPOMUM JIMHUIO perpeccuun. PazMeprsl MapkepoB Ha pUCYHKE MPOINOPIUOHAIBHBI
COOTBETCTBYIOIIMM BapHaHTaM BBIOOPKH.
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Peminre 3agaun

1. JlaHHBIC OIIBITA TIPUBEICHBI B TAOIHIIE:

Xi

2

4

6

8

10

12

14

Yi

4,5

7,0

8,0

7,5

9,0

8,5

9,5

[Tomaras, uto X u Y cBsI3aHbI 3aBUCUMOCTBIO BHAA » — < + bx|, HAUTH KOADDHUIIMEHTHI a 1
b cioco60M HaMMEHBIIHNX KBAIPATOB.

2. Jlana Tabnuia pe3yabTaToB HAOJIOICHUMN:

Xi

2

4

6

8

10

12

14

Yi

3,5
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6,0
7,0
6,0
7,5
8,5
10
Haiitu Bb100pouHBIi K03()(HUIIMEHT KOPPEISALMU U ONPEACIUTh €r0 3HAYMMOCTb.

I[OMaIHHee 3aJaHHeE: CocTaBUTh AJITOPUTM PCUHICHUA TUIIOBOM 3aJa4H.

IIpakTyeckoe 3ansaTue Ne 23

Tema: Pacno3HaBaHwe MOCTOB U pa3leiSIIONIMX BEpIIMH B rpade, HaXOXKICHUE
paccTosiHusL MEXy BepIIHHAMHU B rpade; mpoBepka rpada Ha ABYIOIBHOCTD.

Heab: MoayYuTh HABBIKU M0 PACIIO3HABAHUIO MOCTOB M PA3CISIIONIMX BEPIIMH B rpade,
HAXO0XJICHUIO PACCTOSHUS MEXIy BepIIMHAMU B rpade; mpoBepke rpada Ha IBYAOITBHOCTH;
poBepKe mapbl rpadoB Ha N30MOP(PHOCTH

CpencrBa 00y4eHUsI: TETpaau ISl BBIMOJHEHUS MPAKTUYECKUX 3aHATUN, WHTEepHET-
peCypCBhl.

Conep:xanue v NOPSII0K BBINOJHEHUS] padoThI:

1. PaccmoTtpuTe TeOpeTHUECKHN MaTepUal MO TEME.

2. 3aKOHCIIEKTUPYHTE PEIIeHNe TUIIOBOM 3a/1auHu.

3. Pemure 3amaun.

OcHoBy Teopuu TpadoB COCTABIIET COBOKYHNHOCTh METOJOB M IPEICTaBICHUH,
c(hOpMUPOBABIINXCS IPU PELICHUH KOHKPETHBIX 3a/1a4.

Tepmun «rpad» BHepBbIC MOSBWICS B KHUTE BBIIAIOIIETOCS BEHTepCKOoro MareMaruka Jl.
Kénura B 1936 r., X0Ta HavaIbHbBIE 3a7a9u Teopuu rpadoB BocxoaaT emie k Jitnepy (XVIII B.).
Onna w3 3a7a4, MOJIOKUBIIUX Hadajao TEOpuu rpado, — 3a7ada 0 KEHUTCOEPrCKUX MocTax (
pacckazams, nokazams 2pag).

I'pad ecTtb COBOKYNHOCTHL TOYEK W JIMHUM, COCAUHSIIONMIUX ITH TOYKH. OTHU
COCUHEHHSI MOTYT 00NafaTh pa3IMYHBIMHU XapaKTEPUCTUKAMH, U Teopus rpadoB 3aHUMAETCA
M3YYEHHEM JTHUX XapaKTepHCTUK. ['pad xapakTepusyeT OTHOIIEHHUS MEXIYy MHOXECTBaAMHU
00BEKTOB.

Bonpmoe 3Hauenne B Teopuu TpadoB UMEET MpodiemMa pPa3peuIuMOCTH: HaWTH
3¢ (deKTUBHBIN WM XOTS OBl JOCTATOYHO MPOCTON B MPAKTUYECKU BAXKHBIX CIy4asX alTOPUTM
pelieHus 3aJauu.

B mnocnennee Bpemsi Teopust rpadoB NpUHMMAET Bce Oojee MPUKIATHON XapakTep,
aBisAsAch A(G(EKTUBHBIM amnmapaTtoM Ui (Gopmanu3alid MHOKECTBA 3ajad, CBS3aHHBIX C
JUCKPETHBIM pa3MelleHneM 00bekToB. K HHUM, B 4aCTHOCTH, OTHOCSTCS: MPOEKTUPOBAHUE M
UCCIICIOBAaHHE CEeTel CBS3M, aHATN3 ANEKTPUUIECKUX Iernei, Tpadbl MOTOKA CUTHAIOB M TEOPHUS
o0paTHOW CBsI3M, OJOK-CXEMBI MPOTPaMMBI, HCCIIEOBAaHHE AaBTOMATOB, aHAJINW3 W CHHTE3
JIOTMYECKUX LENel, 3aJayd KaJeHJApHOro IUIAHWPOBAHMS, IUIAHUPOBAaHUE U oOecreueHue
MaTepUATHbHO-TEXHUYECKOTO CHAOKEHHUs, MOUCK WH(MOpPMAIUHU, CTpaTerusi WHBECTUIIMMA, aHAJIN3
KauecTBa, MCCIIEIOBAHME JIBIKCHHSI TPAHCIOPTA, pa3MElIeHUEe MPEANpUsITHII KOMMYHaJIbHOTO
o0CITyKMBaHUS, MOJEIMPOBAHNE, HKOHOMUYECKHE 3aJaud, TEOpHUsl MWIrp, TOJOBOJIOMKH,
JI0Ka3aTeNIbCTBO TEOPEM.

54



2. OcHOBHBIE IOHATHS U ONpe/eseHusi Teopuu rpagos

Onpeoenenue: 11ycTh 3aJaHO0 HEKOTOPOE KOHEYHOE MHOKECTBO X, 3JIEMEHTHI KOTOPOTO
OyZieM Ha3bIBaTh BEPIIMHAMH, 1 MHOXECTBO V), cocTosIee U3 Map 3JIEMEHTOB (X;, X;) MHOXKECTBa
X. Ynopsinoduennass mapa MHokectB G=(X,V) Ha3wpiBaeTcsi rpadom. Bepmmubl n3o0pakaroTcs
TOYKAMH, a Tapbl BJIEMEHTOB — JUHHUSAMH, COCIUHSIONMMH TOUYKH, COOTBETCTBYIOIIUE
00pa3yoIyUM Mapbl BEPIIMHAM.

Ecnu B onpenenenuu rpada CymecTBEeHHO B KaKOM MOPSAKE BHIOMPAIOTCS BEPIIUHBI (TO
ecTh mapa (x;, X;) OTJIMYHA OT Mmapsl (X;,X;)), TO TakoW rpad HA3BIBAIOT OPHUEHTUPOBAHHBIM WIIH
oprpadom, a mapy (x;, x;) — AyroH, MpH dTOM CUUTAETCS, YTO X; —HAYaIbHAs BEPIIUHA, a X; —
KOHEYHas. B reomerpuueckoil MHTEpHpeTanuy Tyre COOTBETCTBYET HANpPaBIEHHBIA OTPE30K.
Yacto oprpad 3anator mapod G=(X,I), rae X — MHOXeCcTBO BeplIuH, a I — HeoHO3HaYHOE
OoTOOpakeHHe, CTaBfAlllee B COOTBETCTBUME KaXIOW BeplIMHE NoaMHOXecTBO B X. ['(x;) —
MHOKECTBO BEpIIWH X;€X, M1 KOTOphIX B Tpade G cymectByeT ayra (x; Xx;). v *(x;) —
MHO>KECTBO BEpPIINH X;€X, 1151 KOTOPHIX B rpade G cymecTByeT ayra (X, X;).

Ecnu B onpenenenun rpada He CyIIECTBEHEH MOPSIOK BEPIIUH MPH 00pa30BaHUM MaphI
(x, x;), TO Tpad Ha3BIBAIOT HEOPHEHTHUPOBAHHBIM WJIM Heoprpadom, a mapy (x;, x;) — peOopom.

Yuco BepmmH rpada Ha3bIBACTCS €T0 MOPSIKOM.

IIpumep. Ha puc.l uzobpaken opueHTHpoBaHHbIA Tpad G=({x1, X2, X3, X4}, {(x1, X2), (x1,
X4), (X2, X4), (X3, X1), (X3, X2), (X4, X3)}), @ HA PHC.2 — HECOPUECHTUPOBAHHBIN Tpad.

X . X:
XE XS
X

Puc. 1 Puc. 2

Onpeoenenue: Ilyrem B Tpade G Has3pIBaeTCs Takas MOCIEIOBATEIbHOCTh AYT, B
KOTOPOW KOHEI KaKIO0W MpeAbIAYyIIei qyru COBMaAaeT ¢ HadajaoM cienyromei. s Heoprpada
Takas TOCJIeI0BaTeIbHOCTh pedep Has3piBaeTcsi menblo. Ecnu myTh (1eTb) MPOXOIUT depes
BEPIIUHEI X1, ..., X; TO OyJeM 0003HaUaTh €ro (€€) CUMBOJIOM [X1, ..., X].

s rpada Ha puc. 1 mocneaoBaTenbHOCTh OYT (X, X2), (X2, X4), (X4, X3) SABISETCS MyTEM H
MOXKET OBITh O0O3HaueHa CIEAYIONIMM 00pa3oM [x;, X» X4 Xx3]. Jnsg rpada Ha puc.2 menbro
SIBIIICTCS, HAIIPUMeEP, CIEIyIOMIasi MOCIeI0BaTENBHOCTE pedep (X2, X3), (X3, Xs), (X5, X4), KOTOPYIO
0003HAYMM Yepe3 [X2, X3, Xs, X4].

Onpeodenenue: Ilyth (uenb), y KOTOpOro(-oil) HayaJibHasi M KOHEYHAas BEpILIKHA
COBIIAJIAIOT, HA3BIBACTCS KOHTYPOM (I[HKJIOM).

Jlist rpacda Ha prc. 2 TUKIIOM SIBIISICTCS, HAIIPUMED, CICIYIOMIAst IeTb [X2, X3, Xs, X/, X2].

Onpeoenenue: TIpocTbiM HMKJIOM Tpada HA3BIBACTCS IIUKI, B KOTOPOM BCE BEPIIMHBI
Pa3IMYHBI 32 HCKIIFOUEHUEM HadaIbHOW U KOHCUHOU BEPIIMHBI, KOTOPHIE COBIIAAIOT.

Hampumep, ais rpada Ha puc.2 MUK [X2, X3, X5, X7, X2]| ABISAETCS MPOCTHIM, a ITUKIT X2, X3,
X4, X5, X3, X1, X2] HE SIBJISIETCS IPOCTHIM.

Onpeoenenue: llerneill Ha3pIBaeTCs Nyra, HadyajlbHas M KOHEYHash BEPIIMHBI KOTOPOH
COBMAAIOT.
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Onpeodenenue: I'pad, momydeHHbIH W3 oprpada 3aMEHOM KakI0M Iayrd Ha pebpo,
Ha3bIBACTCSI OCHOBaHMEM oprpadga.

IIpumep. Ha pwuc.3.0 wu3o0paxkeH rpad, KOTOPBHIM SBISIETCS OCHOBaHHME Tpada,
M300paKEHHOTO Ha puc.3.a.

Onpedenenue: JIBe BEpIIMHBI X; M X; HAa3bIBAIOTCS CMEKHBIMHU, €CJIH CYIIECTBYET
coequHsIONIee UX pedpo (1yra) (x;, X;), IpU STOM BEPIIUHBI Ha3bIBAIOTCS MHIMAEHTHBIMH STOMY
pebpy (myre), a pebpo (ayra) — MHUMAECHTHBIM(-0i) 3TMM BepIIMHAM. AHAJOTHYHO, [Ba
pa3iauuHbBIX pedpa (Ayru) Ha3bIBAIOTCS CMEXKHBIMU, €CIIM OHU MMEIOT M0 KpalHel mepe OTHY
OOIIYIO BEPIIHHY.

Puc.3a6
Bepmmnbl x; u x4 cMexsbl (puc. 1), ayra (xi, x;) UHIUACHTHA BEpIIMHAM X; U X, a
BEPUIUHBI X| U X4 UHIUACHTHBI yTe (X1, X4). PeOpa (xi, x3) U (X3, X4) cMEXKHBI (pHUC.2).

3ameuanue. CMEKHOCTh €CTh OTHOIICHHWE MEXIy OJHOPOIHBIMHU 3JIeMeHTaMH Tpada,
TOTJIa KaK MHIIUJACHTHOCTD SIBJIIETCSI OTHOIIICHUEM MEX]Ty Pa3HOPOIHBIMHU DIIEMEHTAMH.

Onpeodenenue: MHOXeCTBO Beex BepiinH rpada G, CMEXKHBIX ¢ HEKOTOPOU BEPIIMHOM X,
Ha3bIBACTCS OKPYKeHHeM BePIIMHBI X U 0003HauaeTcst yepe3 Ng(Xx) win npocto N(x).

Onpeodenenue: B HeopueHTHUPOBAHHOM Tpade dYHCIO pedep, WHIUISHTHBIX JTaHHOW
BEpIIMHE X;, HA3bIBACTCS CTeNEeHbI) (BAJIEHTHOCTHIO) BePIIMHBLI X oOo3HayaeTcs d(x;).
Bepmuna rpada, umeromas crenenb (0, Ha3bIBaeTCS W30JMPOBAHHOI, a BEpIIMHA, UMEIOIIAs
crenens | — Bucsuend. st neoprpada na puc.2 d(x)=3, d(x;)=4.

Ymeepicoenue (nemma o pykomnoxatusx). Cymma creneneit Bepims rpada G paBHa 2m,
rjae m — auciio pedep rpada G.

JokazatenbctBo. [lockonbky Kaxaoe pedpo HHIUACHTHO [IBYM BEpUIMHAM, TO OHO
no0aBIIsIeT IBOMKY K cymMme cteneHelt rpada G. CrnemoBaTenbHO, Bce pedpa Jar0T BMECTE CYMMY
cTeneHeu 2m.

Onpeoenenue: Mloarpadom rpada G=(X,V) nazeiBaercs rpad G'=(X', V'), 11t KOTOpOro
X'cX, V'cV, npudaem pebpo (x; X;) cCOmepkuTcs B V' TONBKO B TOM CiIy4ae, €ClIH X; U X;
coneprkarcs B X. Onaum u3 noarpados rpada Ha puc.| sBisieTcs clieayomui (puc..4)

Onpeoenenue: Ecnm Bce BepumHbl rpada G=(X,V) npucyrcTByroT B moarpade
G'=(X" V"), torna G' Ha3pIBaeTCs OCTOBHBIM noarpadgom, 1. e. X'=X, V'cV.

Onpeoenenue: Ilycte X' — moamuoxxectBo BepmuH X rpada G=(X,V). Torma rpad
G'=(X"V') na3piBaeTcsi mopo:kaeHHbIM mnoarpagom rpaga G Ha MHOXKecTBE BepuIMH X'
(BepLIMHHO-NIOPOXKAEHHBIN moarpad), ecinu V' aBisgercs TakUM MOAMHOXECTBOM V, uTo pedpo
(xi,x;) BXOIUT B V' TOT/Ia M TOJIBKO TOT/1a, KOT/A X; M X; BXOAAT B X'

IIpumep. Ha puc.5 npeacraBiieH nopokIeHHbIN moarpad Ha MHOXKECTBE BEPIIUH {Xi, X3,
Xs} HEOPUEHTUPOBAHHOTO rpada, n300paKeHHOTO Ha PUC2.
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'X.J XS XS
Puc. 4 Puc.5

3. Hexoropsie Tunsl rpagos

Onpeoenenue: I'pad G Ha3pIBAETCS MOJHBIM, €CIIU JIIOObIE JIBE €r0 BEPLIMHBI CMEXHBI.
n(n—11)
[TonubIi Tpad mopsaka n 0603HAYAETCS] CUMBOJIOM K, 4nciIo pedep B HEM paBHO 2 . Ha
puc.6 nzobpaxensl rpadsl K, , n<5.

1A A

Puc.6

Onpeodenenue: I'pad Ha3bIBaeTCS MyCTHIM, €CIU B HEM HeT pedep. Ilycroil rpad nopsinka
n o6o3Hauyaetcs yepes O,.

Onpeoenenue: I'pad, He comepraniuii BEpIIMH H, CIEAOBATEIbHO, pedep, Ha3bIBACTCS
HoJb-rpadom. I'pad, cocTosmnii U3 OHON BEpIINHBI, HA3bIBACTCS TPUBUATBHBIM.

KpacuBbiMM npuMmepamMu SIBISIOTCS epagul namu naamonogelx men (T. €. IPaBUIbHBIX
MHOTOTPaHHUKOB): mempasopa, Kyoa, okmas’opa, 000exa’opa, ukocalopa

IIpakTyeckoe 3ansaTue Ne 24

Tema: [IpoBepka napsl rpadoB Ha H30MOP(PHOCTS.

Iesib: MOTYYUTh HABBIKU IO PACIIO3HABAHUIO MOCTOB U pa3feisAIoIINX BEPUIMH B Tpade,
HaXOXKJCHHUIO PACCTOSHUS MEXIy BepLIMHaMu B rpade; npoBepke rpada Ha JIBYIOJIbHOCTH;
IpoBepKe napbl rpadoB Ha U30MOP(PHOCTH

CpeacrBa 0o0y4eHMs: TETpaau Ul BBIIIOJHEHUS NPAKTUYECKUX 3aHATUH, HTEepHET-
peCypCBI.

Coaepixkanue ¥ NOPSAI0K BbINOJTHEHUs PadoThI:

1. PaccmoTpuTe TeOpeTHUECKil MaTepHral o TeMe.

2. 3aKOHCIIEKTUPYUTE pellleHre TUIIOBOM 3a/1auH.

3. Pemure 3agaun.

MeTtpuyeckue xapakTepucTuku rpagos

B teopun rpaoB npuMeHstoTCA:

1. Marpuua MHUMHAEHIUA. OTO MaTpuia A ¢ n CTPOKAMH, COOTBETCTBYIOLIUMU
BEpIIMHAM, W M CTOJOIIAMH, COOTBETCTBYIOIIMMHU pEOpam. [l OpHEHTHpPOBAHHOTO Tpada
CTOJIOEI], COOTBETCTBYIOIINI TyTe (X,y) COAEPKUT -1 B CTPOKE, COOTBETCTBYIOIICH BEPIIMHE X U
1 B cTpoke, cooTBeTcTBYIOIIEH BepiinHe Y. Bo Bcex ocrampHbix — 0. [lemmro, T. e. ayry (X,X)
MOYKHO TIPEJICTaBJIATh HWHBIM 3HAYeHHEM B CTpOKe X, Hampumep, 2.Ecium rpag
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HEOPHEHTHPOBAHHBIH, TO CTOJOEN, COOTBETCTBYIOMMKA pedpy (X,y) comepxur 1,
COOTBETCTBYIOIINE X U 'y — HYJIH BO BCEX OCTAIIBHBIX CTPOKAX.

2. Martpuna cMmekHOCTH. DTO MaTpHIla n*n rje h — YUCIO BEpIIUH, rae b = 1,
€CJIU CYILIECTBYET peOpo, UayIlee U3 BEpUIMHbBI X B BEPIIMHY Y U bj = 0 B IPOTUBHOM cliyyae.
3. Iycte G=(X,U) - cBs3HbI Tpad, a i 7 XJ|— JIB€ €ro HECOBIAIAOIINE BEPIINHBI.
JUlnHa KpaTyaliero MapuipyTa, COEIUHSIOLIEr0 BEpIIMHBI 1 J(mytn wu3z i i
XiI/IX-| d(Xi.X')‘
Ha3bIBACTCSl paccmosiHueM MEXAy BepIIMHAMU iln obo3Hayaercs J7. Tlonoxum
d(Xi,X')=<><>| X I/IX‘ d(Xi,X-)‘
J , €CJIM BEpIIUHBI ~ ! ilHe coeMHEHBI MapuIpyToM (TyTem). PaccrosHue J
YAOBJIETBOPSIET CIEAYIOIIUM aKCUOMAM:
py d0%i, %) =,
: ) =
) d(x, X, }_q;
d{ X ,}{J' } =q X =}{j
3) TOTJ]a ¥ TOJIKO TOT/1a, KOTia ;
d(x;,%;) =d(x;, X I"
4) U1l CHMMETPUYECKUX rpadoB;
ol X, X ) +d( X ,}{k}Ed{ X; ,}{k}‘
5) (HEpaBEHCTBO TPEYTOJIbHUKA).
4. Paccrosamne mist rpada G ynoOHO 3amaBaTh Matpulledl pacctosHuil. Mampuuyeii

paccmoanuin Tpada c n BepIIMHAMU Ha3bIBaeTCs KBajJpaTHas Matpuiia D mopsika n, 371eMEHThHI
KOTOPOH OTMPENIETISIOTCS CIEAYIOIIIM 00pa3oM:
{O,ecmzlxi =X;
ij =

d(x;,x;), e x; # X .

Marpuily pacCTOSSHUI MOYKHO ONIPEACIIUTh

y xi|
5. Jlnst pUKCHUpPOBAHHOM BEPIIUHBI  IBeTMUNHA
e(x;) = max d(x;,x;)
x;e X

1

Ha3bIBACTCS IKCUeHmpucumemom (OTKIOHEHHOCTBIO) BEPIIMHBI Kil.

6. MakcuManbHblil CpeAd SKCLEHTPUCUTETOB BEPLUUH HA3BIBAETCS OUAMEMPOM
rpada G u o6o3navaercs diam (G):

diam(G) =max e(x;) =max maxd(x;,x ;)

x;jeX x;€X x;€X

7. MuHUMaNIbHBIN U3 3KCIIEHTPUCUTETOB BEPILIMH CBA3HOIO rpada Ha3bIBAeTCs €ro
paouycom v obo3Havaercs uepes 1(G):

r(G) =min e(x;) =min max d(xj,x;)

8. Bepmmna, uMmeromas MUHUMAIbHBIA SKCIEHTPUCUTET, HAa3bIBACTCS UEHMIPOM
rpada.
P(Xi) = Zd(Xi,Xj)
9. JU1st BEpIIMHBI MinI/I(:no X eX Ha3bIBACTCS HEPEOAMOUHBIM YUCTIOM.
10.  Bepummuna rpaga, KOTOpoii COOTBETCTBYET MUHUMAJIBHOE EPEAATOUHOE YHUCIIO

max P(x;) =max Y d(x;,x;)
xjeX xeX x;eX

Ha3EIBACTCS MEOUAHOI rpa(ba. HeHTpOB n MCIHAaH B rpa(be MOKET OBITh HECKOJIBKO.
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nJ9

%) %5

Puc. 1
Ilpumep. Jlns rpada, wn300pakeHHOro Ha puc.l MeTpUyYeCKHe XapaKTEPUCTUKH
OIPEAEISIIOTCS CIEAYIOMNM 00pa3oM:

X1 Xy X3 X4 Xg
X(0 1 2 2 e(xy1)=2 P(x;)=6
X5 0 1 1 1 e(x,)=1 P(x,)=4
D=x3|2 1 0 2 1 e(x3)=2 P(x3)=6
X411 1 2 0 1 e(x4)=2 Px4)=5
x5{2 1.1 1 0 e(xg)=2 P(xg)=5

Pagunyc rpada pasen 1, nuametp pasen 2. Llentp rpada - Bepumnaa Ké; Menuana rpada -

BEpIINHA Ké.

JABynosbHbIe rpagul

Onpeodenenue: 1'pad Ha3bIBaCTCSA 0GYOOIbHBIM, €CIN CYLIECTBYET TaKoe pa3OueHue
MHOYECTBa €ro BEPIIMH Ha JBE YacTU (00Ju), YTO KOHIIBI KaXKJI0ro pedpa MpHHAIIeKAT pa3HbIM
YaCTSAM.

Ecnu mpu sToM ro0ble J1BE BEPIIMHBI, BXOASAIINE B pasHbIC JIOJIM, CMEXKHBI, TO rpad
Ha3bIBACTCS HOJIHBIM 08YOOIbHBIM.

[MonmubIit ABYIOTBHEIN Tpad, 10U KOTOPOTO COCTOAT U3 p M U3 ¢ BEpIINH, 0003HAYaeTCs
cumBonioMm K, , . IIpu p=1 momydaem 36e30y K;,. Ha puc.l uzobpaxens! 3Be3na K, s U MOIHBIHA
By n0IbHBIHN rpad Kss.

AHAJIOTUYHO JBYJOJBHBIM TpadaM ONpEeAeIsIOTCS k-00nbHbill U NOAHbIL k-001bHbLI
rpadsr s k=3, 4, ... Ha puc.2 npuBeneH Tpex101bHbIN rpad.

Puc. 1 Puc. 2

Jlns perieHust IpuMepoB YI00OHO MPUMEHSTh TEOPEMY

Teopema: ['pad siBisieTcss IBYyHONBHBIM T. M T.T., K. BCE €r0 MPOCTHIC IUKIbI UMEIOT
YETHYIO JJIUHY.

Jlerko moacYuTaTh YUCIO BCeX rpadoB ¢ PUKCUPOBAHHBIM MHOKECTBOM BEPIIUH X. DTH
rpadbl pa3MyaroTcs CBOUMHU peOdpaMu, U MOTOMY MX YHUCIIO PAaBHO KOJIUYECTBY MOJMHOXKECTB B

n
2 (_)
X@ te. 2'2
IIPUMEHEHUAX TEOpUH IrpadoB, TaK U B CaMOH 3TOM TEOpPHM yallle CYLIECTBEHHO JHILIb TO, YTO
ecTb 00BEKTHI (BepIIMHBI Tpada) U CBA3M MexAy oObekTamu (pedpa). C aTux mo3uuuil rpadsl,

, tne n=|X|. Omnako »tu rpadbl HE Bcerga cieayeT pasznuyaTh. Kak B
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KOTOpbIE€ MOJIyYarOTCA OAWH M3 JPYroro M3MEHEHHMEM HAaMMEHOBAaHUW BEPIIWH, Pa3yMHO HE
paznuuats. OpopMuM 31U COOOpaxKeHHsI B BUJIE CIEIYIOIIETO ONPE/ICICHNUS.

HN3omopdubIe rpadbl

Onpeodenenue: JIa rpada G, u G HA3BIBAIOTCS UIOMOPEHBIMU, SCITU CYIIECTBYET
B3aMIMHO-OJTHO3HAYHOE OTOOpakeHHE MEXIy MHOXKECTBAMH WX BEPIIUH, COXpaHSIoIIee
CMEXHOCTh. Takoe oToOpakeHre Ha3bIBACTCsI H30MOPGU3MOM.

JIBa oprpada u3oMOpQHBI, €CIU CYIIECTBYET H30MOP(HU3M MEKIYy HUX OCHOBAHHUSIMH,
COXPaHSIOIINN MOPSAOK BEPIIUH HAa KXKJION AyTe.

Hanpumep, tpu rpada, npeacraBieHHble Ha puc. 4, n3oMop(dHEI, a rpadsl Ha puc. 5 HE
nzomophHel. Bonpoc 0 Tom, n3oMopdHBI 11 Ba AaHHBIX Tpada, B 00IIeM CiIydae OKa3bIBaeTCs
CJIOKHBIM.

X

Puc. 4.

Puc. 5
OueBUIHO, YTO OTHOLIEHHE M30MOp(H3Ma rpadoB SBISETCS SKBUBAJICHTHOCTHIO, T. €.

OHO CHUMMETPUYHO, TPAH3UTHUBHO M peduiekcuBHO. ClieoBaTeNbHO, MHOXECTBO BCeX rpadoB
pa3bmBaeTcst Ha KJIACCHI TakK, 4TO rpadbl U3 OAHOTO Kiacca MOmapHO M30MOpQHBI, a Tpadsl U3
pasHBIX KiaccoB He m3oMOpdHBL. M3oMmopdHBIe Tpadbl MOXKHO OTOXIECTBIATH, T. €. CUUTATH
COBMAJAIOLIUMH (MX MOXXHO HM300pa3uTh OAHUM pPHUCYHKOM). OHHM MoOryM Obl pa3iuyaTbes
KOHKPETHOW MPHUPOJOH CBOMX OJJIEMEHTOB, HO HMEHHO 3TO WTHOPHUPYETCS TpPU BBEICHHUU
MOHATHUS «Tpad».

B HEKOTOpBIX CUTyalHsIX BCE K€ MPUXOAUTCS pazianyaTh H30MOp¢HBIE Tpadbl, H TOTAA
MIOJIE3HO TMOHSTHE «IIOMEUYeHHbIN rpady». ['pad nopsiaka n Ha3bIBaeTCA nOMeuYeHHbIM, €CIH €ro
BEPIIMHAM MTPUCBOCHBI HEKOTOPBIE METKH, Hanpumep, Homepa 1, 2, ..., n. OTOXIECTBUB KOXKIYIO
U3 BepIIMH rpada ¢ ee HOMEPOM (M, CIEJOBATEIBHO, MHOXKECTBO BEPIIMH — C MHOXKECTBOM
gucen {1, 2, ..., n}), onpeaenuM paBeHCTBO moMeueHHbIX rpadoB G,=(X, V) u G.=(X,V>) ogHoro
u Toro »xe mopsaka: G;=G, torma, xoraa V;=V, Ha puc. 6 u3oOpakeHbl TpU pa3HBIX
MMOMEYEeHHBIX Tpada.

ITpu HeoOX0AMMOCTH MOTYEPKHYTh, YTO pacCMaTpUBaeMble rpadbl pa3IUyaOTCs JULIb C
TOYHOCTBIO JI0 M30MOp(U3Ma, TOBOPAT: «aOCTpakTHBIN rpad». CTporo roBops, abcmpakmmwlil
(unmu Henomeuennwiil) rpad — ITO Ki1acc M30MOP(HHBIX rpados.

A 3

? 3 ! 3 1 4

Puc. 6
BapuaunTsl 3aganuii:
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l. Jlana matpunia A. [TocTpoiite COOTBETCTBYIOMUM i Tpad, HMeronuii MaTpuiry A
CBOEH MaTpHIle cMexxHOCTU. HaliuTe MaTpHIly MHIIMIEHTHOCTH JJISI IIOCTPOCHHOTO Tpada.

2 0 0 1
0 0 2 3
A =
0O 2 0 1
1 3 1 ¢
l. Jana matpuia A. [ToctpoiiTe cooTBETCTBYIONIMH €if Tpad, IMEIOLIHA MaTpuIly A
CBOEH MaTpHIle cMexxHoCTU. HalimuTe MaTpuIly MHIIMIEHTHOCTH U1l IOCTPOCHHOTO rpada.
o 2 0 3
2 0 2 1
A =
0O 2 0 O
3 1 0 1

IIpakTnyeckoe 3ansiTue Ne 25

Tema: 3anuch MaTpuIbl JOCTHKHUMOCTH M TIOCTpOEHHE sauarpamMmbl [epma s
OPHUEHTHUPOBAHHOTO Tpada; pemieHue 3a1a4 Ha OMHAPHBIC 1EPEBbSI.

Hean: OBnaneTs METOAAMU PEIICHUS 3a7a4 HA OMHAPHBIC JIEPEBbS, 3aIUCHI0 MATPHIIHI
JTOCTH)KUMOCTH W TTIOCTPOSHUEM JauarpaMmel I epiia

CpencrBa o0y4yeHHsi: TETPaaH JJIsl BBITOTHEHHUS MPAKTUYECKUX 3aHSATUH, MPE3CHTAINN
o Teme, MIHTepHeT-pecypChl.

Conep:xanue U MOPSIIOK BbINOJHEHUS PA0OTHI:

1. [ToBTOpEHME TEOPETUUECKOTO MaTEpHalia, B BUJI€ OTBETOB HA BOIIPOCHI.

2. 3amaiite rpad G puc.l maTpuIlei CMEXHOCTH U MHITUACHTHOCTH.

3. [Toctpoiite rpadsl G1 u G2, cpaBHUTE CTENEHH KaXIOH BEPIIMHBI JAHHBIX
rpados.

4. ITo 3amaHHOM MaTpuUIle OCTPOUTH CETEBOM rpad K, pemuTh 3aaady 1.

3. Pewnts 3anauy 2.

KoHTpoJ/IbHBIE BONIPOCHI:

1. Uto Ha3pIBaeTCsl opueHTHpPOBaHHBIM Tpacdom? [IpuBeauTe npumMepsl.

2. IlepeunciuTe OCHOBHBIE TIOHSATHS CBSI3aHHBIE C OPHEHTUPOBAHHBIMH T'padaMH.
3. IlepeunciuTe criocoObl 3a1aHKsI OPUEHTUPOBAHHBIX rPadoB.

4. B yem COCTOUT aHAIMTHYECKUI crioco0 3ananus oprpada?

5. B 9em cocTouT reomMeTpudecku crocod 3amanus oprpada’?

6. B ueM cocTtout MatpuuHbIiii criocod 3amganus oprpada?

7. Kakas marpuiia Ha3pIBaeTCs MaTpUIICH CMEKHOCTH oprpada?

' V5 8. Kakas
W3 MaTpulla Ha3bIBaeTCsA
MaTpHUIIei
E3 WHIUEHTHOCTH
oprpada?
V2 E2 «
El
W1
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Puc. 1

IIpakTyeckoe 3ansaTue Ne 26
Tema: Pemenue 3a1a4 Ha OWHAPHBIC IEPEBBSI.
Heas: OBnagers METOAAMU pELICHUS 3a]a4 HAa OMHApHBIE JIEPEBbs, 3aIIMCHhI0O MATPHLIBI
JOCTHKMMOCTH U IOCTPOEHUEM auarpaMmsl I epra
CpencrBa o0y4yeHMs: TETPAaAX Uil BHITMIOJIHEHHS MPAKTHUECKUX 3aHATHH, NMPE3eHTALH
1o teMe, IHTepHeT-pecypChl.

Pemure 3apaun
3anaua 1. ITo 3amanHO# MaTpHIle TOCTPOUTDH CETEBOM rpaduk ( a;3JIEMEHT MAaTPULIBI €CTh
JUTUTEIILHOCTh pabOTHI OT 1 110 j B JHAX). HaliTh IHHY KPUTHYECKOTO MyTH, yKa3aTh YKOHOMHIO

BpPEMEHH.
03560000000
00007600000
00000750000
00400036000
00000000450
00000000300
00000000500
00000000008
00000004067
00000000008
2) 00000000000

0)
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04560000000
00007600000
00000550000
00400036000
000000004770
00000000600
00000000400
00000000007
00000005066
000000000009
00000000000

3agaya 2. Haiinure KOIM4ecTBO y3JI0B JaHHOTO OMHAPHOTO JepeBa, NEPEUUCIIUTE JTUCThI
1 YKQXUTE TIyOMHY OMHApPHOTO JIepeBa ¢ KOpHEM A.

(9

I[0Mamﬂee 3aJaHHe: CocTaBUTh AJITOPUTM 3aJavuu 1.
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3. llep6akosa, }0. B. Teopus BeposTHOCTEH W MaTeMaTHUecKas CTaTHCTUKA : ydeOHOe
nocooue / HO. B. IllepbakoBa. — 2-¢ u3n. — CaparoB : Hayunas kuura, 2019. — 159 ¢. —
ISBN 978-5-9758-1786-0. — TekcT : 3IeKTpOHHBIH // DNeKTpOHHO-0MOIMoTeuHas cuctema [PR
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JlonoJIHUTEIbHAS JTUTEPaTypa:

1. Conupuna M.C., Crnupun II.A. Teopuss BeposSITHOCTEM W MareMaTHYecKash CTaTUCTHUKA.
CoOopnuk 3amau 2016 OUL «Axagemusiy.

HNuTepHeT-pecypcenl:

1.  CeBepo-3anaaubiii 3a04HbIi ['ocynapcTBeHHbIM TeXHUUYECKUIT Y HUBEPCUTET
[DnexTponHBIN pecypc] - Pexxum moctyna: http:// www.nwpi.ru.

2. Hutepuer YHuBepcuteT MHDOpMAIIMOHHBIX TEXHOJIOTHH [DIEKTPOHHBIN pecypc]
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